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1. Introduction and outline 
Soils play and important role in grape growing and wine making. Soils anchor the vine 
and act as a reservoir of water and nutrients essential for growth. Soils influence the 
vine microclimate and therefore wine characteristics. 
 
While the history of winemaking in Waipara can be measured in decades, the soil's 
history goes back thousands of years, yet it still has a tangible influence on vine and 
wine. Adding to this is the input of vignerons, whose husbandry varies with place and 
person, leading to unique wines, expressing their terroir, or sense of place. 
 
The influence of soil on wine quality has been discussed and researched for many 
years, yet there is still much to be understood. This document forms a summary of 
information about a serendipitous nexus of soil and wine in Canterbury's Waipara and 
the neighboring Waikari regions. Here, geological processes have resulted in broad 
range of parent materials on which a wide variety of soils have formed within a 
relatively small area: a perfect place to start investigating the physical aspects of 
terroir on wine. 
 
From the mid 1980’s in the Waipara region and the mid 1990’s in the Waikari region 
of North Canterbury, there have been changes to and intensification of land use, most 
notably expressed by the development and expansion of viticulture and wine making. 
In a relatively short span of time, this area of North Canterbury has cemented a 
reputation for high quality wines, particularly for Pinot noir and Riesling.  
 
There are good reasons for this. The region has many soil and landform attributes that 
suit this land use, including the meso climate with the coastal hills sheltering the 
region from the cooler easterly winds. Since 1990 the region has been a focus of 
improved mapping and characterization of the soil resources (which can be accessed 
online through the Landcare Research digital information system S-mapOnline 
http://s-map.landcareresearch.co.nz/home) and some more detailed studies as a 
result of the interest in winegrowing.  
 
The special character of North Canterbury is a reflection of its geological history. The 
topography of North Canterbury is dominated by a series of north-east trending hills 
and valleys. This landscape was formed by tectonic compression and faulting 
deforming the hard basement rocks and the softer cover rock sequence into 
asymmetrical anticlinal hills and synclinal valleys and basins. The greywacke basement 
rocks are exposed in the centre of most anticlinal hills and outcrop in the mountains 
to the west and north-east of this region. The younger Cretaceous to Tertiary cover 
rocks comprise a layered sequence listed from oldest to youngest, of quartz 
sandstones, glauconitic sediments, limestones, sandstones and interbedded sandy 
limestones and weathered conglomerates. These outcrop to form distinctive hilly 
landforms along the margins of the synclinal valleys and basins. From the late 
Quaternary to more recent times erosion infilled these valleys with sediments sourced 
from adjacent hills and the basins with greywacke alluvium eroded from the 
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mountains to the west. Aeolian mantles of non-calcareous loess were regionally 
sourced and calcareous loess locally sourced from the aggrading floodplains.  
 
Detailed soil mapping of vineyards planted between 1980 and 2000 revealed a wide 
range of soils. New Zealand soil scientists group soils into classes using the specific 
terminology of the New Zealand soil classification. In summary - bedrock and colluvial 
hill slopes have Rendzic Melanic Soils developed on limestones and calcareous 
mudstones (marls), and Typic Immature and Typic Argillic Pallic Soils formed on clayey 
regoliths derived from glauconitic sediments. Downlands have deep Fragic and Argillic 
Pallic Soils, formed in non-calcareous loess and Orthic Melanic Soils formed in 
calcareous loess. On footslopes, fans and terraces there are Orthic Melanic Soils and 
Vertic Melanic Soils formed in clayey sediments. The terraces and fans have Argillic 
Pallic Soils formed in both clayey loess and alluvium. On the most extensive terrace 
gravelly Immature Pallic Soils and Weathered Recent Soils are formed in greywacke 
alluvium, and Typic Fluvial Recent Soils are formed in the alluvium on the younger 
terraces and fans.  
 
From 1990, consultancy reports prepared by Drs Philip Tonkin, Peter Almond (Lincoln 
University) and Mr. Trevor Webb (Landcare Research) reviewed aspects of the 
geology, landscape history and soils in some North Canterbury vineyards. Hitherto 
these reports were not accessible to the public, but this document aims to combine 
this information with that of the former Soil Bureau of the Department of Scientific 
and Industrial Research and of Landcare Research New Zealand Limited. Hopefully this 
will increase the winegrowing industry's understanding of how the region's soils came 
to be and stimulate further research on soils, landscapes and an understanding of 
terroir as in applies to viticulture and wine production. 
 
This report is organized into 16 chapters, and these can be grouped into three parts. 
The first part includes this introduction, and chapters on geological history, landform 
history and an overview of the soils within the Waipara and Waikari regions of North 
Canterbury. This last chapter includes a summary table listing the landforms, regolith, 
soils and their New Zealand Soil Classification and maps of the landforms and 
dominant soil series associated with wine growing in North Canterbury. 
 
The second part of the report is ordered using the landform relationships of the 
predominant soils established in the previous section. This is referred to as a 
physiographic order from the highest and steepest parts of the landscape to the 
youngest surfaces alongside streams and rivers and on recently active fans. There are 
eight sections in this part and all available information on the soils’ morphology 
(description) and chemistry are included in this section up to the time of completion 
of this report.  
 
The third part of the report includes three chapters. The first section is a discussion of 
soil mapping and the definition of terms associated with soil mapping. These include 
field identification of soil profiles and soil profile description and the definition of soil 
horizon notation used in this report and field determination of soil texture, 
consistence and structure. A simple field method for determining the presence of 
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primary and secondary calcium carbonate using a dilute acid is described. This chapter 
concludes with the New Zealand Soil Classification (Hewitt, 2010) relevant to the soils 
of North Canterbury described in this report. The next chapter is a discussion on the 
interpretation of soil chemistry data. The final chapter in this section comprises tables 
listing the vineyards of the Waipara and Waikari regions of North Canterbury grouped 
by the dominant soil or combinations of soils within vineyards. The location of 
Waipara vineyards are plotted on three maps, of the Omihi Valley, north of the 
Waipara River and the southern part of the Omihi valley, and south of the Waipara 
River. This information was last updated in January 2014. 
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2. Brief geological history of North Canterbury 
The distinctive characteristics of North Canterbury lie in the geology of the region and 
the manner in which that geology has been revealed by the evolution of the 
landforms, as tectonic movements, changes in the relative height of sea level, and 
erosion and sediment deposition formed the present landscape. The geology of North 
Canterbury has been studied at various times since 1885 (Wilson, 1963) and most 
recently this information has been brought together and revised (Browne and Field, 
1985) and republished as part of the 1:250 000 Geological map of New Zealand, 
(Forsyth et al., (compilers) 2008). The larger picture of the geological history including 
the Late Cretaceous to Oligocene inundation of most of New Zealand is described in a 
book titled; In search of Ancient New Zealand (Campbell and Hutching, 2007). The 
following summary of the geology of North Canterbury was compiled from these 
sources and other published sources listed in the references. 
      
 
 
Figure 1. Geology in the middle Waipara Basin, from left to right; Pahau terrane 
(Doctors Hills), Late Pleistocene and Holocene terraces, Waipara Greensand (exposed 
in terrace scarps), Amuri and Weka Pass limestones and Mt Brown sandstones and 
limestones (South Dean Hill). (Photo by Philip Tonkin). 
 
The geology of North Canterbury is dominated by sequences of sedimentary rocks 
(Figure 1). Many of these rock units have established names and have been grouped 
into their respective subdivisions of geological time, referred to as time stratigraphic 
units. The convention is to read this record from the oldest to the youngest 
stratigraphic unit (Figure 2). The oldest rocks, referred to as the basement geology, 
are the Torlesse composite terranes (formerly the Torlesse supergroup) dominated by 
quartofeldspathic sandstones and mudstones, dating from the Late Carboniferous to 
Early Cretaceous. In Canterbury these include the Rakaia and Pahau terranes. The 
younger Late Jurassic to Early Cretaceous Pahau terrane predominates in North 
Canterbury and is separated by a zone of intensely deformed rocks known as the Esk 
Head belt, from the older Rangitata terrane. The Pahau terrane rocks are exposed in 
the mountains and foothills to the west, north-west and in the core of hills to the north 
and east of the Waipara Basin. The sediments of the Pahau terrane are interpreted as 
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deepwater submarine fans and shallow water marine fan-deltas. Some time in the 
Cretaceous these rocks were deformed by folding and faulting, and weakly 
metamorphosed, although not to the same extent as the rocks of the older Rangitata 
terrane and Esk Head belt. By the Late Cretaceous parts of these terranes were 
emergent forming land, and sediments from these weathered and eroded landscapes 
became part of the Late Cretaceous non-marine and marine rock sequence. The 
boundary between the Torlesse composite terranes and the Late Cretaceous rocks is 
a major unconformity in the rock sequence spaning tens of millions of years during 
which time sediments were either not being deposited or their record was destroyed 
by subsequent erosion. 
 
Overlying the basement rocks is a layered one kilometre thick sequence of 
sedimentary rocks, dating from late Cretaceous to early Pleistocene. This will be 
referred to as the cover rock sequence. They form a transgressive non-marine to 
marine followed by a regressive marine to non-marine sequence, punctuated by a 
number of unconformities. These were caused by local and regional tectonic activity, 
eustatic changes in sea level, sediment starvation and / or changes in ocean currents. 
The major marine transgression and inundation, brought about by a relative change 
in sea level with respect to the pre-existing land was caused by a combination of 
regional subsidence and / or a rising sea level. This began about 80 million years ago 
in the Late Cretaceous and led to widespread sedimentation in the shallow marine 
basins formed by this inundation. At the base of the cover rock sequence are pale grey 
non-marine to marginal marine quartz sandstones, kaolinitic mudstones and 
claystones, and carbonaceous sediments of the Broken River Formation. Marking the 
onset of the marine transgression are the Conway and Loburn Formations comprising 
grey to dark grey, slightly to moderately calcareous sandstones and mudstones. These 
formations, are overlain by greenish grey glauconitic quartzose sandstones and 
mudstones of the Waipara Greensand. The latter contain significant amounts of 
glauconite, pellets of iron and potassium mixed illitic and montmorillinitic clays. In 
places all of these rocks also contain jarosite, a potassium iron sulphate mineral, and 
iron pyrite that on weathering produce reddish brown rusty stains in the rock and 
release acid solutions. As the oceans deepened during the Eocene a shelf sequence of 
inter-fingering greenish grey glauconitic quartzose sediments were deposited. These 
are the Ashley Mudstone and the Karetu Sandstone Formations. By the Oligocene 
some 34 million years ago, the maximum marine transgression had been reached, and 
the sediments deposited on the sea floor were comprised mostly of microfossils 
resulting in a condensed thickness of calcareous rocks. In North Canterbury these are 
represented by the Amuri Limestone (also known as the Amberley Limestone), a 
distinctive typically hard, pale grey to greenish grey fine-grained limestone and in 
some localities the Oxford Chalk a softer whitish chalky limestone. The uppermost part 
of the Amuri Limestone contains infilled burrows of glauconitic sediment sourced 
from the overlying Omihi Formation. The upper bored and phosphatised surface of 
the Amuri Limestone marks a widespread unconformity spaning several million years 
and separates the Amuri Limestone from the overlying Omihi Formation. In the 
Waipara area of North Canterbury the basal unit of the Omihi Formation is the Weka 
Pass Stone, a hard yellowish grey glauconitic sandy limestone.  
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Figure 2. Generalized stratigraphic column for the Waipara - Waikari region of North      
Canterbury (from Nicol, 1991). The story of the rock record is read from the bottom 
of the column to the top, i.e. from the oldest part of the record to the youngest part.  
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To the west and south this limestone grades into greenish grey calcareous glauconitic 
sandstone. These rocks are overlain by the Miocene (24 to 5.3 million years) sequence 
of marine grey calcareous siltstones and mudstones (marls), and by brown calcareous 
sandstones of the Waikari Formation.  The Waikari Formation, grades up into 
mudstones and a sequence of inter-bedded brown sandstones and sandy limestones 
of the Mount Brown Formation. This younger sequence of rocks, indicate a shallowing 
marine environment. The sediments forming these rocks were sourced from elevated 
folded and faulted structures. These structures were created in a progressively 
deformed region as the Australian-Pacific plate boundary developed and the Alpine 
and Marlborough Fault System propagated through the north-eastern South Island. 
The upper layers of the cover rock sequence are sandy conglomerates, sandstones 
and mudstones of the Kowai Formation and to the north and east of the Waipara 
region the marine siltstones and sandy mudstones of the Greta Formation (Greta 
Beds). The Kowai Formation is predominantly iron oxide stained, weathered rounded 
greywacke gravels and sands sourced from the basement rocks as they were uplifted 
by tectonic forces and exposed to erosion. These conglomerates exhibit a transition 
from deposition in a shallowing marine environment to non-marine alluvial fans. Part 
of the most detailed geological map of the Waipara region is shown in Figure 3.  
 
 
Figure 3. Geological map of part of the Waipara Basin and Omihi Valley. Grid lines are 
spaced at intervals of 1 km. (Department of Geological Sciences, University of 
Canterbury).  
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3. Landscape history of North Canterbury 
 
Landforms of the cover rock sequence 
The topography of North Canterbury is dominated by a series of north-east trending 
hills and valleys. This landscape was formed by tectonic compression and faulting 
deforming the basement rocks and an overlying layered cover rock sequence into 
asymmetrical anticlinal (hills) and synclinal (valleys and basins) folds (Figure 4).  
 
 
Figure 4. Oblique aerial view looking to the south-east across north-east trending 
valleys and hills indicating synclines and anticlines. In the foreground Weka Pass and 
Amuri limestones form cuestas inclined toward the centre of the Scargill Valley. 
(Reproduced with permission Craig Potton Publishing). 
 
Anticlines have steeper north-west limbs and the cover rock sequence outcrop and / 
or are inclined at steep angles. The more gentle eastern slopes of the anticlines are 
underlain by the uppermost of the cover rock sequence such as the conglomerates of 
the Kowai Formation and inter-bedded brown sandstones and sandy limestones of 
the Mt Brown Formation. Steeply dipping reverse faults lie beneath the north-west 
limbs of the anticlines. The landforms associated with the growing anticlines form 
asymmetrical cuesta and more symmetrical hog back shaped hills. In the core of some 
of these anticlinal hills the basement Pahau terrain greywacke rocks have been 
exposed by erosion. To the west of the Weka Pass the fold structures are complex and 
dominated by the Doctors Hills, a dome like structure underlain by the Pahau terrain. 
The western margin of these hills is determined by the Karetu thrust fault. Along this 
margin the basement greywacke rocks are being thrust over and compressing the 
cover rock sequence to form the MacDonald syncline. To the east of the Doctors hills 
two anticline - syncline pairs extend north-east and are crossed and followed by the 
13 
 
Weka stream through the Weka Pass. Extending north from the Doctors Hills are a 
complex of folds, forming a sequence of distinctive hills underlain by different 
formations of the cover rock sequence. The hills north and west of Waikari town are 
underlain by one or several of the following rock formations: conglomerates and 
sandstones of the Kowai Formation, sandstones and sandy limestones of the Mt 
Brown Formation, Waikari Formation, Weka Pass and Amuri limestones, glauconitic 
sandstones, siltstones and mudstones of the Karetu, Ashley and Waipara Greensand 
Formations. In places such as Pyramid Valley these form a sequence of asymmetrical 
cuestas and downland landforms (Figure 5). 
 
 
 
Figure 5. Cuesta and downland landforms in the Pyramid Valley west of Waikari, North 
Canterbury (not to scale). 
 
The more gentle dip slopes parallel the bedding, whereas scarp slopes cut across the 
bedding. This is of particular significance if there are contrasting beds of rock, such as, 
the harder brittle limestones and chalky limestones in the Amuri Formation, the 
sandstones and sandy limestones of the Mt Brown Formation and slopes underlain by 
the inter-bedded sandstones and conglomerates of the Kowai Formation. The more 
erodible rocks of the Waikari and Ashley Formations commonly underlie the lower 
slopes and valley floors between the hills (Figure 5). Low relief undulating landforms, 
to which the term downlands can be applied, occupy the margins of the valleys and 
basins. The relationship between the geological structure and landform is well 
illustrated through the Weka Pass in North Canterbury (Figure 6). Regional evidence 
indicates that loess sourced from aggradational plains, such as the Amuri Plain to the 
north, was carried from these sources and deposited across the landscape by the 
prevailing winds. An enigmatic feature of the loess pattern is that loess is generally 
absent where landforms are underlain by Waipara Greensand, Amuri and Weka Pass 
limestones and the Mt Brown Formation regardless of how gentle the slopes are 
(Hughes et al., 2010). The crests of some of the downland ridges underlain by the 
Kowai Formation conglomerates have a capping of two to three metres of loess. The 
other slopes of this downland landscape have thin remnants of loess, loess colluvium 
or are devoid of a loess cover. 
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Figure 6. Southern end of Weka Pass; with cuesta landforms on limestones of Amuri, 
Weka Pass and Mt Brown Formations, and ridge and gully topography on the Kowai 
Formation conglomerates. (Reproduced with permission Craig Potton Publishing). 
 
Deciphering the style and tempo of tectonic activity that has shaped the North 
Canterbury landscape has relied on geomorphic markers whose initial morphology 
and ideally their age are well constrained. Most notable amongst these are the older 
extensive river terraces that today slope in the opposite direction to present river 
gradients (Figure 7) (Al-Daghastani and Campbell, 1995). The tectonically raised 
marine benches that are cut into the Greta beds (Figure 2) along the eastern coastline 
are another example (Nicol et al., 1994). Having initially formed close to sea levels of 
the past these coastal terraces are today tens of metres above the present sea level. 
This is the result of tectonic uplift. The antecedent gorges through which the Waipara 
River passes, coincide with actively growing anticlines. The gorges demonstrate that 
this river maintained its gradient over time as tectonic deformation formed the 
anticlines (Nicol and Campbell, 2001). Constraining the ages of geomorphic markers 
has proved more difficult. However, one important time marker throughout North 
Canterbury is Kawakawa / Oruanui tephra (KOT), erupted from the Taupo region in 
the central North Island. Wherever it is found in sediments (often loess and finer 
alluvial sediments) it marks a 25,360160 cal yr B.P. (Vandergoes et al., 2013) time 
plane. This tephra has been observed at a number of sites in the lower Omihi Valley 
and adjacent sites in the Waipara Basin (Figures 8 and 15). The Kawakawa tepha is 
easily confused with secondary calcium carbonate but the tephra is gritty fine sand 
and the calcium carbonate is chalky and reacts with dilute hydrochloric acid. 
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Figure 7. Surveyed terraces along Mt Cass Road on the northern side of the Waipara 
River (Nicol et al., 1994) and the generalized gradient on the Teviotdale Surface south 
of Waipara River and Stockgrove Road - interpreted from Topo50 BV24 map. 
 
 
 
Figure 8. Exposure of the Kawakawa / Oruanui Tephra (KOT) in sediments below the 
Omihi Surface on the west bank of Omihi Stream (Topo50 BV24 815326). (Photo by 
Philip Tonkin).   
 
16 
 
The Waipara Basin 
The Waipara Basin is a broad syncline that has been infilled with gravel alluvium by 
the ancestral Waipara River. The alluvium was sourced from the various branches of 
the Waipara catchment that extend back into the greywacke ranges to the west. The 
Waipara River has gone through repeated cycles of aggradation building up its alluvial 
plain, followed by intervals of river down cutting to form flights of terraces. Assumed 
causes of these changes in river behaviour relate to the history of climate change 
throughout the Late Pleistocene and Holocene (approximately one hundred thousand 
years). In addition, river behaviour was affected by changes in river gradients resulting 
from tectonic elevation or lowering of land and eustatic sea level rise and fall 
(Campbell et al., 2003). In some instances, floodplains characterised by meandering 
river channel patterns and areas of ponded drainage, or small lakes have formed 
upstream of the growing anticlines. The lowering of land surface relative to the river 
long-profile in the synclines (valleys or basins) has provided space for the deposition 
and accumulation of sediments. The aggradation of gravel alluvium by the Waipara 
River effectively dammed the Omihi Valley, creating ponds or small lakes in the lower 
part of this valley (Harris, 1982). The Omihi Valley is a more confined north-eastern 
portion of the Waipara Syncline. The most recent phase of alluvial infilling is dated to 
the latest Pleistocene and shown on geological maps as unit Q2a (Forsyth et al. 
(compilers) 2008).  
 
Exposures along the valley of the Waipara River reveal an upper unit of grey to 
brownish gravels with a predominance of weakly to unweathered greywacke 
sandstone gravels in a sandy matrix abruptly overlying more weathered greywacke 
gravels with a brown matrix of sandy and finer silty or clayey sediments (Figure 9). 
Wilson (1963) named the upper unit Canterbury Gravels and the underlying unit 
Teviotdale Gravels. Both of these gravels are distinguishable from the greywacke 
gravels in central Canterbury, by the presence of contributions from the cover rock 
sequence. These include rare gravels of glauconitic sandstone and as sandy or finer 
components in the matrix. Occasional ‘ghosts’ of muddy limestone (marls) suggest 
other calcareous lithologies such as limestone may have originally been common in 
the gravels but have been dissolved out. Calcareous sands occur in the alluvium of the 
lowest terraces and the sediments along the bed of the Waipara River. 
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Figure 9. Section on the south bank of the Waipara River (Topo50 BV24 744320) 
exposing late Holocene gravels beneath degradational terrace T3, unconformably 
overlying Canterbury Gravels and Teviotdale Gravels. (Photo by Matt Dodson). 
 
The top of the Canterbury and Teviotdale Gravels (Canterbury and Teviotdale 
Surfaces, respectively; Wilson, 1963) can be regarded as geomorphic surfaces 
distinguished by their soil mantle and / or distinctive cover of loess (Nicol et al., 1994). 
The Teviotdale Surface (Wilson, 1963) is mantled by two to three meters of loess with 
inter-bedded and dispersed Kawakawa / Oruanui tephra. This surface of small areal 
extent occurs north, south and south-east of the Waipara River. The underlying 
Teviotdale Gravels are poorly defined and may comprise a number of distinct gravel 
members separated by loess and/or silt beds displaying soil fabrics. 
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Figure 10. Mound section on the south side of the Waipara River (Topo50 BV24 
780314) (not to scale).   
 
A pre-Teviotdale stratigraphy is exposed along the south side of the Waipara River 
adjacent the knoll known as The Mound (Figure 10). The Mound is the surface 
expression of a faulted anticline within the broader Waipara Syncline and rises 10 
metres above the Canterbury Surface (Nicol et al., 1994; Wilson, 1963). A more 
extensive remnant of the loess mantled Teviotdale Surface occurs to the south-east 
of Stockgrove Road.  This is a higher terrace of the Waipara River that today slopes to 
the west (Figure 7). This is in contrast to the eastward sloping Canterbury Surface and 
lower terraces and the bed of the present Waipara River. However as the Canterbury 
Surface and younger degradational terraces converge with the Black and Cass 
Anticlines (Figure 3) they are tectonically deformed and slope in a westerly direction 
(Figure 7). In locations to the north and south of the present Waipara River Valley, the 
loess overlying the Teviotdale Surface is buried by the Canterbury Gravels to form a 
fine textured layer between the two gravel units.  Along the north-western margin of 
the Waipara Basin the loess occurs beneath fan sediments and forms a discontinuous 
cover on the flanks of the dissected basin margin, where the loess occurs as remnants 
on ridges and is underlain by the weathered conglomerates of the Kowai Formation 
(Figure 11).  
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Figure 11. A generalized north-west to south-east section across the valley of the 
Waipara River west of The Mound (not to scale). 
 
The Canterbury Surface is recognised as the last aggradation plain formed by the 
Waipara River. Incision into the Canterbury Surface by the Waipara River may have 
occurred within the last few thousand years. This is judged from weathering rind 
exposure ages and some radiocarbon dates from degradational terraces (Nicol and 
Campbell, 2001). The Canterbury Surface has a subdued braided bar and channel 
micro-topography typical of an alluvial fan. In the later phase of the Waipara River 
forming this braided plain, and in the earliest phase of its incision to form its present 
valley, suspended sediments would have flooded the braid plain and been deposited 
preferentially along the braid channels. The consequence is the development of 
contrasting textural profiles, the more stony alluvium on the ridges and approximately 
20 to 40 cm of finer sediment overlying or mixed into the stony alluvium in the 
channels. This pattern can be quite variable. As the Waipara River incised deeper, 
suspended sediments deposited across its floodplain were blown up on to the terrace 
edge of the Canterbury Surface to form a thin wedge of sandy to silty loess as a further 
modification. At the southern end of the Waipara Basin fine sediments and an area of 
peat overly the Canterbury Gravels. This end of the basin was constricted by 
aggradation of the Kowai River. The peat area is bounded by a recent fault trace on its 
southern margin (Dodson, 2009). Similarly the Canterbury Gravels are overlain by fine 
sediments at its south-eastern margin where the Canterbury Surface narrows toward 
the entrance to the lower Waipara River gorge.  
 
Small fans of the basin and valley margins 
A series of small alluvial fans occur along north-western side of the Waipara Basin and 
the lower Omihi Valley. These fans are formed in sediments eroded from slopes 
underlain by Kowai Formation conglomerates and sandstones and the sandstones, 
sandy limestones and limestones of the underlying Mt Brown Formation (Figure 12). 
Layered accumulations of sandy and gravelly sediments on these fans were deposited 
at intervals throughout the Holocene up until the present. The most recent episode of 
fan activity was generated by heavy easterly rainstorms in 1941, 1945, 1951 and 1953, 
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which caused erosion from the slopes and deposition of sediment on the fans to 
depths varying from a few decimetres to more than a metre. Fans formed along the 
eastern side of the Omihi Valley are predominantly sourced from limestones, 
calcareous siltstones (marls), and glauconitic sediments exposed by erosion of the 
steeper, inclined limb of the Black Anticline (Figure 12).  
 
 
Figure 12. A generalized cross section from north-west to south-east across the 
Waipara Syncline in the Omihi Valley (not to scale). 
 
These fans typically have clayey surface sediments grading with depth into gravelly 
and sandy sediments. The gravels and sands contain fragments of glauconitic 
sandstone and in some localities fragments of calcareous mudstone (marl) and 
limestone. The identification of these fans is complicated by the progressive uplift of 
the Black Anticline throughout the Holocene (Nicol et al., 1994). This means that some 
of the lower part of these ‘fans’ may be the tectonically tilted terraces. This is best 
illustrated by the west to east transect along the Mt Cass Road where the Omihi Valley 
joins the Waipara River (Figure 7).  
 
By contrast, the fans extending from the north-western side of the Omihi Valley derive 
their sediments from the dipslope of the adjacent Kowai Formation (Figure 12). To the 
south of the Waipara River and along the south-eastern side of the Waipara Basin a 
series of small fans either grade to or overlie the Canterbury Surface. These fans are 
sourced from the conglomerates of the Kowai Formation along the flank of Cass 
Anticline north-east of Amberley town (Figure 13).  
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Figure 13. A generalized south-east to north-west cross section from the western flank 
of the Cass Anticline to the margin of the Waipara Basin (not to scale) 
 
The Weka fan is the largest fan on the northern side of the Waipara River. This fan is 
sourced from the Weka and Ant catchments and is predominantly formed from 
greywack-derived gravel and finer alluvium from the Doctors Hills, with some 
contributions from those parts of the catchment draining from the cover rock 
sequence. This fan grades to the Canterbury Surface and also overlaps onto an older 
fan surface, a buried equivalent of the Teviotdale surface with remnants of its loess 
cover. Toward the fan head where the fan emerges from the gorge of the Weka 
catchment the gravelly alluvium is underlain by erosional surfaces (straths) cut into 
the underlying cover rock sequence, such as the sandstones and conglomerates of the 
Kowai Formation. 
 
The Omihi Valley 
The extensive Omihi Surface in the mid to lower Omihi Valley is assumed to be of the 
same age as Canterbury Surface in the Waipara Basin and is underlain by about three 
metres of clayey sediment overlying calcareous glauconitic sandy gravels inter-
bedded with glauconitic silts and sands (Harris, 1982) (Figure 14).  The gravels are a 
mix of greywacke, glauconitic sandstone and limestone fragments. The clayey 
sediments contain calcium carbonate and are alkaline below a depth of approximately 
one metre. These and the underlying sediments contain calcareous microfossils 
inherited from the cover rocks, as well as contemporary fresh water mussel and snail 
shells, land snails, egg shell and bird (including moa) bones (Harris, 1982). The aquatic 
fauna are evidence of shallow lake or pond environments. An estimated age of the 
Omihi / Canterbury Surface in the Omihi Valley is 12±2 thousand years before present 
(Nicol et al., 1994). A sequence of faulted and tilted gravelly sediments beneath the 
Omihi Surface is exposed on the eastern side of the Omihi Stream at a locality known 
as the Fault Bank section (Topo50 BV24 822327) (Harris, 1982; Nicol et al., 1994). The 
Kawakawa / Oruanui tephra occurs as a thin bed in the upper package of silts and 
sands, and at the base of the section the alluvial gravelly sands with a dip of 17 to 20° 
unconformably overlie shallow marine Kowai Formation with a dip of 49°. The 
increasing dip of older strata is further evidence of Pleistocene to Holocene 
deformation along the Waipara Syncline and adjacent Black Anticline (Figure 15). 
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Figure 14. Diagram of the stratigraphy below the Omihi Surface in the Omihi Valley 
(redrawn from Harris, 1982). 
 
 
Figure 15. Tectonically tilted fine and gravelly sediments, Fault Bank section (Nicol et 
al., 1994) on the eastern side of the Omihi Stream. (Photo by Philip Tonkin). 
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River Terraces 
The timing of the incision of the Waipara River to depths beyond the occasional 
flooding of the Canterbury Surface is not known. The Waipara River incised at intervals 
to form a flight of degradational terraces. Based on an interpretation of the age of 
soils developed on these terraces (Nicol et al., 1994), it is possible that the incision 
began in the mid to late Holocene, between 5000 to 2000 years ago. 
 
            
 
 
Figure 16. Waipara River with gullies eroded into older fans (left) and terraces incised 
below the Canterbury Surface (right). (Reproduced with permission Craig Potton 
Publishing). 
 
There is further evidence that the incision of the Waipara River was rapid within the 
last 1000 to 500 years (Nicol and Campbell, 2001). These degradational terraces have 
a few metres of weakly weathered sandy gravels, abruptly overlying an erosional 
surface cut into one of the following; the Canterbury Gravels (Figure 9), the Teviotdale 
Gravels, equivalent aged fan sediments on the north-western side of the basin, or one 
of the formations of the cover rock sequence. As a consequence of the incision of the 
Waipara River, the other tributary and ephemeral streams regraded their channels 
(Figure 16). This is most marked on the north-western and northern side of the 
Waipara River, with a number of steep sided gullies and the incised Weka and Omihi 
Streams that today grade to the Waipara River. Some of these tributary channels have 
undergone cycles of erosion and sedimentation in the period of European settlement. 
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Aeolian cover deposits 
Throughout the Late Pleistocene, major episodes of aggradation of the rivers 
coincided with periods of cold climate that in turn resulted in glaciation in the 
mountains and extension of the coastline with the lowering of sea level. A result of 
this combination of events was the winnowing of fine sediments by dry winds from 
the more extensive floodplains, and their deposition on adjacent land surfaces to form 
accumulations of sand and more commonly silty or clayey loess. Throughout the 
eastern and southern South Island, the loess has a composition reflective of its 
dominant source rocks, the ubiquitous greywacke and schist of the mountains. In 
North Canterbury, this more typical loess occurs in regions to the west of the Omihi 
Valley and the north-western side of the Waipara Basin. To the east of the Omihi 
Valley and extending to the present coastline with its coastal terraces, the loess is 
calcareous, having both primary and secondary (pedogenic) calcium carbonate.  
 
On the northern side of the Waipara River an exceptionally thick section of loess is 
exposed where the Mt Cass Road crosses the axis of the Black Anticline (Figure 17). 
The loess overlies an upward fining valley fill sequence resting unconformably on 
shallow marine Kowai Formation (Figure 18). On the northern side of the Mt Cass Road 
gullies eroded into the tectonically evolving Black Anticline, have subsequently been 
filled to form an extension of the Omihi Surface (Figure 18). This is further evidence of 
the dynamic nature of these landscapes with river and stream gradients adjusting to 
intermittent tectonic deformation as well as past climatic changes. 
 
 
Figure 17. Section of loess overlying alluvial valley fill sediments exposed where the 
Mt Cass Road crosses the axis of the Black Anticline. (Photo by Philip Tonkin). 
 
Pedogenic calcium carbonate in loess has been recorded on the northern and eastern 
slopes of Banks Peninsula, and its presence may be an indication of dry conditions in 
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the past that limited leaching. In North Canterbury the abundance of carbonate may 
be due to past dryness but also a higher content of primary calcium carbonate in the 
dust derived by erosion of the cover rocks. The more clayey nature of North 
Canterbury loess is attributable to local sources of clayey sediments that were eroded, 
redeposited on floodplains and uplifted by the wind to form loess.  The presence or 
absence of calcium carbonate in loess has implications for the development of soils. 
 
s
 
Figure 18. A generalized north-east to south-west cross section along the axis of the 
Black Anticline on Mt Cass Road. A gully eroded into an Omihi Valley fill sits alongside 
an older sequence of loess overlying and earlier valley fill, unconformably overlying 
shallow marine Kowai Formation (not to scale). 
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4. Soils within the Waipara and Waikari regions of North Canterbury 
Soil surveys of North Canterbury began as part of a nation wide inventory of New 
Zealand’s soil resources by the former Soil Bureau of the Department of Scientific and 
Industrial Research. The survey of South Island started in the 1940’s, final versions of 
the maps were published between 1964 and 1966 and the accompanying bulletin 
published in 1968 (New Zealand Soil Bureau, 1968). Other published soil surveys of 
parts of North Canterbury are Fox et al., (1964) of the former Kowai County and 
Griffiths (1978, 1980) of the Waikari District. In these soil surveys, the adoption of a 
local name for soils was taken from an area where these soils were first described or 
where they were of local significance. Three examples from North Canterbury are: 
Glasnevin soils, the dominant soils on the Canterbury Surface (Wilson, 1963) in the 
Waipara Basin, Omihi soils the dominant soils on the Omihi Surface (Nicol et al., 1994) 
in the Omihi Valley and the Waikari soils formed on the Weka Pass and Amuri 
limestones. These commonly used soil names are now referred to as soil families and 
within a soil family there may be two or more closely related soils referred to as soil 
siblings. The concept of soil families and siblings is described in more detail in section 
14. In earlier New Zealand Soil Bureau publications the terms soil series and soil types 
would have been used for comparable concepts. The role of collating and revising 
information on our soil resources is today undertaken by soil scientists of Landcare 
Research New Zealand Limited, a Crown Research Insitute, with its head office at 
Lincoln. The most recent update of the soil map of North Canterbury and related 
information on soil families and siblings is available on S-mapOnline 
(http://smap.landcareresearch.co.nz/home) the Landcare Research digital soil 
information systems.  
 
The organization of information on soil map legends, group soils into categories based 
on a topographic subdivision of the landscape, and the nature of the substrate on 
which the soil is formed. In Table 1 the topographic subdivision is titled Landform and 
follows the headings in the previous section 3 on Landscape History. The heading 
Regolith has been used to list the various sedimentary substrates. Regolith infers that 
the substrate has undergone some form of change from its initial state as a result of 
physical and chemical weathering. Soil formation is part of that process, and the older 
and more stable the land surface the more weathering processes have modified the 
original sediments, commonly extending to depths of many metres and beyond the 
conventional depth of the soil profile. Most soil profiles in the North Canterbury have 
depths varying from half to one or two metres.  
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Table 1. Landform, Regolith, Soils and New Zealand Soil Classification of some soils in 
the Waipara – Waikari Region of North Canterbury.  
 
Landform Regolith Soil names New Zealand Soil Classification 
(Hewitt, 2010) 
Hill slopes 
on bedrock or 
colluvium  
derived from bedrock 
non-calcareous and 
calcareous sandstones 
 
 
 
limestone 
 
 
glauconitic sediments 
Hui Hui 
 
 
 
 
Waikari 
 
 
Timpendean 
Typic Immature Pallic, 
Pedal-calcareous Orthic Melanic, 
Weathered Rendzic Melanic,  
Argillic Orthic Melanic 
 
Typic Rendzic Melanic, 
Weathered Rendzic Melanic 
 
Typic Immature Pallic,  
Typic Argillic Pallic 
Loess downlands   
 
 
 
 
Downlands and fans 
 
 
 
 
 
 
Teviotdale surface 
an older terrace 
non-calcareous loess 
 
 
calcareous loess 
 
non-calcareous loess or clayey 
alluvium 
 
thin non-calcareous loess on 
weathered Kowai 
conglomerate 
 
clayey non-calcareous loess or 
fine alluvium on weathered 
gravelly alluvium 
Waipara  
 
 
Tokarahi  
 
Pahau 
 
 
Amberley 
 
 
 
Pahau  
 
 
Argillic-mottled Fragic Pallic,  
Argillic Fragic Pallic,   
 
Argillic Orthic Melanic 
 
Mottled Argillic Pallic 
 
 
Weathered Argillic Pallic 
 
 
 
Mottled Argillic Pallic 
 
 
Footslopes and fans 
extending from 
downland margins 
 
non-calcareous loess or fine 
alluvium 
 
clayey non-calcareous loess or 
fine alluvium on  weathered 
gravelly alluvium 
 
clayey alluvium on gravelly 
alluvium 
 
clayey alluvium or loess on 
silts, clays or gravelly sands 
 
alluvium 
Waipara  
 
 
Pahau  
 
 
 
Salix 
 
 
Awapuni 
 
 
Glenmark 
Argillic-mottled Fragic Pallic,  
Argillic Fragic Pallic 
 
Mottled Argillic Pallic 
 
 
 
Mottled Argillic Pallic 
 
 
Mottled-argillic Orthic Melanic 
 
 
Typic Argillic Pallic 
Canterbury surface 
Waipara fan 
 
fine and gravelly alluvium 
with minor loess  
 
Glasnevin 
 
 
 
Lowcliffe 
 
Salix 
Pedal Immature Pallic, 
Typic Immature Pallic, 
Weathered Orthic Recent    
 
Mottled Argillic Pallic 
 
Mottled Argillic Pallic 
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Landform Regolith Soil names New Zealand Soil Classification 
(Hewitt, 2010) 
Canterbury surface  
Weka fan 
 
 
 
 
 
fine and gravelly alluvium 
 
 
 
 
 
 
Glasnevin 
 
 
 
Eyre 
 
Glenmark 
Pedal Immature Pallic, 
Typic Immature Pallic, 
Weathered Orthic Recent 
 
Weathered Orthic Recent 
 
Typic Argillic Pallic 
Omihi surface 
 
 
 
 
clayey alluvium on calcareous 
gravelly sands 
 
clayey alluvium or loess on 
silts, clays or gravelly sands 
Omihi 
 
 
Awapuni 
 
Calcareous Vertic Melanic, 
Mottled-calcareous Vertic Melanic 
 
Mottled-argillic Orthic Melanic 
 
River terraces  
of Waipara River and 
tributaries younger 
than the Canterbury 
surface* 
fine and gravelly alluvium 
 
 
 
Eyre 
 
Rakaia 
 
Rangitata 
Weathered Orthic Recent 
 
Weathered Fluvial Recent 
 
Typic Fluvial Recent 
Recent fans 
younger than the 
Canterbury surface* 
fine and gravelly alluvium 
 
 
Glenmark 
 
 
Waimakariri 
 
Selwyn 
Typic Argillic Pallic, 
Calcareous Immature Pallic 
 
Weathered Fluvial Recent 
 
Typic Fluvial Recent 
* listed in the relative age of surfaces and soil families from oldest to youngest 
 
Two examples of changes brought about by weathering are the regoliths on the 
Waipara Greensand and the Amuri / Weka Pass limestones. The unweathered 
Waipara Greensand is mostly sand or silt sized grains, a significant proportion of which 
are glauconite. On weathering the glauconite disaggregates into the component clay 
sized particles that make up these grains. Consequently the weathered rock has a 
higher proportion of clays and the soils formed on this regolith have clay loam or clay 
textures. The limestones subject to weathering by acidic solutions dissolve to leave a 
residue of the non-calcareous constituents. These are commonly silt and clay particles 
and the result is a residual clay loam or clay textured soil. Weathering processes break 
down grains of minerals such as feldspars and micas to form silt and clay sized 
particles. Another result of weathering is the chemical release and precipitation of 
oxides, producing rusty colours if iron oxides are formed. 
 
In the following sections each of the soils listed in Table 1 will be described. This 
information is drawn from the Landcare Research soil database S-mapOnline, from 
previously published soil surveys, unpublished records of Soil Bureau DSIR and 
information gathered from soil surveys of vineyards in the Waipara and Waikari 
regions. The classification of the soils use the New Zealand Soil Classification (Hewitt, 
2010) and are from Wallace et al., (2000) or provisional classifications by Webb and 
Tonkin. The soils are listed in topographic order from those developed on the hills to 
those developed on the downlands, downlands margin and the various fan and 
terrace surfaces, to soils developed on the youngest river terraces and active fans. It 
should be noted that some soils occur on more than one of these surfaces. The 
mapped Landforms are shown on Figure 19 and the mapped soils listed on Table 1 are 
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shown on Figure 20. Two of the soils shown on Figure 20 Templeton and Wakanui 
series, have not been described in this report but information on these soils together 
with all of the other soil series can be found on S-mapOnline. 
 
 
Figure 19. Landforms associated with wine growing in North Canterbury.   
 
 
Figure 20. Dominant soil series associated with wine growing in North Canterbury. 
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The soil map (Figure 20) shows the dominant soil series in each map unit.  The Awapuni 
and Selwyn soils are not listed on the map legend. The Awapuni soils form a complex 
with the dominant Omihi soils and Selwyn soils form a complex with the dominant 
Waimakariri soils. For more detailed information on the soils recognized within each 
map units consult S-mapOnline. 
 
The reliability of soil maps is dependant on the variability of the soil pattern, the scale 
at which the soils were mapped and the number and distribution of point observations 
used in the preparation of the soil survey. There has been a tendency to place more 
emphasis on mapping arable land in more detail, and this means that the soil pattern 
on sloping land is less well known. On the older soil maps produced by the Soil Bureau 
D.S.I.R the soils mapped on hill and mountain lands were assumed to be a complex of 
related soils to which the terms Hill Soils and Steepland Soils were applied. It was 
assumed that these mapping units would contain a topographically related gradient 
of soil series (i.e. several siblings of one or more soil families). Table 1 lists three soils 
formed on hill slopes, Hui Hui, Waikari and Timpendean. All of these soils are poorly 
known and defined in comparison to the other soils listed. The latter occur on more 
gentle slopes and flat land. The concepts and terminology used in soil mapping, soil 
profile description and the definition of New Zealand Soil Classification categories 
listed in Table 1 are to be found in section 14 of this report.  
 
In gathering together this soil information, the focus is on those soils on which 
vineyards are established. Grape vines are known to be deep-rooted, developing root 
networks to depths of several metres below the soil surface. A convention common 
to most soil mapping is to examine the soil profile to a depth of 1 metre. It becomes 
more difficult to examine soils to greater depth on a regular basis by hand using a soil 
auger. In the New Zealand Classification of soils, some horizons of significance, such 
as calcic horizons are only recognized if they occur within 90 cm of the soil surface. 
This may result in soil horizons of significance to viticulture being overlooked. In this 
account of the soils of Waipara and Waikari region of North Canterbury these horizons 
are noted if they have been detected within two to three metres of the soil surface, 
and the classification of the soils has been ‘stretched’ to include these horizons. An 
example of a soil with a calcic horizon (a horizon with an accumulation of secondary 
calcium carbonate) at a depth greater than one metre is the Tokarahi soil. 
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5. Hill slopes on bedrock or colluvium from bedrock 
Hills with cuesta and hogback topography in North Canterbury are underlain by; the 
sandstones and sandy limestones of the Mt Brown Formation, limestones of the Weka 
Pass and Amuri Formations, and the glauconitic sediments of the Karetu, Ashley and 
Waipara Formations (Figures 2, 3 and 5). Hill soil complexes and soil sets (Taylor and 
Pohlen, 1962; New Zealand Soil Bureau, 1968) were used in the regional mapping of 
North Canterbury. Two examples are the Hui Hui soils on the Mt Brown Formation and 
Waikari soils on the Weka Pass and Amuri limestones. Timpendean soils (Griffiths, 
1978, 1980) were created to recognize those soils developed on the glauconitic 
sediments. On cuesta landforms the soils are developed on the opposing dip slopes 
and scarp slopes with hydrological gradients and varied patterns of soil age 
corresponding to the history of slope erosion. This complexity requires detailed 
mapping to be understood and up until the present this has not been done as part of 
the re-examination of the soils of this region. With the exception of a few detailed 
studies all of these Hill Soil complexes remain poorly understood and defined.  
 
Hui Hui soils 
The Hui Hui soils were first described and mapped in the survey of Kowai County (Fox 
et al., 1964) as those soils developed on sandstones which contain thin bands of sandy 
limestone. Two units were mapped Hui Hui sandy loam and Hui Hui Hill soils. The soil 
textures varied from sandy loams to sands. It was noted that shallow stony soils 
occurred where shelly lime cemented sandstones occur close to the surface. Giffiths 
(1980) in the soil survey of Waikari District noted that Hui Hui soils occur on rolling 
land and hills formed on calcareous sandstone with thin bands of sandy limestone, 
colluvium and occasional loess. Soil textures vary from sandy loams to sands. The soil 
depths range from very shallow on upper slopes to moderately deep on lower slopes 
where colluvium has accumulated. The soils formed on soft calcareous sandstones 
have calcium carbonate in the subsoil and those soils formed on the harder 
sandstones have no calcium carbonate. The following Hui Hui soil descriptions and 
analyses (Tables 2-4) are from Fox et al. (1964), Igua (1995) and Griffiths (1980). (See 
also Figure 21). 
 
In a soil survey of Pyramid Valley Wines (Tonkin, 1999) a scarp slope underlain by the 
Mt Brown Formation was surveyed. At the crest of the slope and at least one and 
possibly several positions lower on the slope calcareous sandstones and sandy 
limestones were indicated by inflections forming linear low ridges across the slope 
(strike ridges, Figure 6). The soils were developed in the colluvial deposits. Griffiths 
(1978) mapped Hui Hui Hill soils and Hui Hui sandy loam on this scarp slope. The 
observations in the detailed survey (Tables 5 and 6) differed from those of Griffiths, in 
that the soils consistently had A horizons overlying silt loam weathered Bw or clay 
loam argillic Bt horizons on calcic Bk horizons or deeper Ck horizons with filamentous 
and laminar secondary calcium carbonate (Figure 22). Fragments of calcareous 
sandstone and sandy limestone are scattered through the overlying soil horizons.  
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Table 2. Hui Hui sandy loam. 
Site Location NZTopo50 BV24 967303, northern slopes of Mt Brown. Soil Bureau lab 
number 6595. Soil description slightly modified from Fox et al. (1964). 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A grey 
10YR5/1 
 weak  
0-18  sandy loam moderately 
developed 
medium 
spheroidal and 
polyhedral 
indistinct 
AB grey 
10YR5/1 
and olive yellow 
2.5Y6/6 
 weak  
18-25  sandy loam moderately 
developed 
medium 
polyhedral 
indistinct 
Bw olive yellow 
2.5Y6/6 
few fragments of 
sandy limestone 
weak brownish organic 
coats on 
aggregates 
25-50  sandy loam moderately 
developed fine 
blocky 
diffuse 
C grey 
2.5Y6/1 
 loose  
50+  sand single grained  
 
Soil chemistry: Soil Bureau lab number 6595 
Horizon Depth 
cm 
pH 
in  
water 
C 
% 
N 
% 
C/N CaCO3 
% 
A 0-15 6.5 3.9 0.30 13 - 
A/B - Bw 18-30 7.0 2.3 0.22 10 - 
Bw 30-46 7.7 1.6 0.18 9 4.0 
The depth increments sampled don’t follow the depths of the soil horizons. 
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Table 3. Hui Hui silt loam on silty clay loam. 
Site location NZTopo50 BV24 675293, south of Mt Brown. Soil description is slightly 
modified from Igua (1995). Figure 21. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark brown 
10YR2/2 
 firm 
semideformable 
slightly sticky 
slightly plastic 
 
0-20  silt loam strongly 
developed 
medium 
polyhedral and 
coarse spherloidal 
distinct 
wavy 
AB very dark brown 
10YR2/2 and 
brownish yellow 
10YR6/6 
 very firm 
slightly sticky 
slightly plastic 
common 
discontinuous 
distinct clay 
cutans (<1mm) 
20-38 common fine 
distinct mottles 
silty clay loam strongly 
developed coarse 
blocky 
indistinct  
irregular  
Bt(f) brownish yellow 
10YR6/8 to 
yellow 
2.5Y7/6 
 very firm 
moderately sticky 
moderately plastic 
common 
discontinuous 
distinct clay 
cutans (<1mm) 
38-58 common fine 
distinct  
light yellowish 
brown  
10YR6/4 
mottles 
silty clay loam strongly 
developed coarse 
blocky 
indistinct 
irregular 
Bt light yellowish 
brown 
10YR6/4 to 
brownish yellow 
10YR6/8  
 firm 
semideformable 
moderately sticky 
moderately plastic 
pressure cutans 
on aggregate 
faces 
58-100+  sandy clay 
grading to  
clay loam 
moderately 
developed 
medium blocky 
bottom of the 
hole 
 
 
 
Soil chemistry: (Igua 1995, Table 4) 
Horizon Depth 
cm 
pH 
in 
water 
C 
% 
N 
% 
C/N 0.5M 
H2SO4 
P 
mg/100g 
Total 
P 
mg/100g 
Organic 
P 
mg/100g 
CaCO3 
% 
A 0-10 5.5 3.3 0.28 12 28 180 46 trace 
A 10-20 5.8 2.3 0.20 11 8 84 39 trace 
AB 20-30 6.1 0.9 0.08 10 10 66 20 trace 
Bt(f) 30-40 6.4 0.5 0.05 9 11 42 13 trace 
Bt(f) 40-50 6.6 0.3 0.04 8 6 32 12 trace 
Bt(f) 50-60 6.7 0.3 0.04 9 6 30 12 trace 
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Horizon Depth 
cm 
pH 
in 
water 
C 
% 
N 
% 
C/N 0.5M 
H2SO4 
P 
mg/100g 
Total 
P 
mg/100g 
Organic 
P 
mg/100g 
CaCO3 
% 
Bt 60-70 6.5 0.3 0.04 7 10 35 13 trace 
Bt 70-80 6.5 0.3 0.04 6 8 31 9 trace 
Bt 80-90 6.5 0.3 0.03 8 7 22 7 - 
Bt 90-100 6.5 0.3 0.03 8 11 25 7 - 
 
 
 
 
Figure 21. Hui Hui silt loam on silty clay loam (Igua, 1995). (Photo by Philip Tonkin). 
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Table 4. Hui Hui sand on sandy loam. 
Site location NZTopo50 BV24 730352, 2 km east of the North Dean Trig. Moderately 
steep to steep dip slope of a hogback, slope 27 degrees. Parent material colluvium 
from calcareous sandstone. Soil Bureau Lab number 8562. Soil description is slightly 
modified from Griffiths (1980). 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
2.5Y3/2 
 weak  
0-13  medium sand weakly developed 
fine polyhedral 
not recorded 
A very dark 
greyish brown 
2.5Y3/2 
 weak  
13-23  medium loamy 
sand 
single grained not recorded 
AB olive brown 
2.5YR4/4 
 slightly firm  
23-30 very dark 
greyish brown 
2.5YR3/2 
worm casts 
sandy loam massive not recorded 
Bw light olive brown 
2.5Y5/4 
few stones of 
calcareous 
sandstone 
slightly firm  
30-43  sandy loam massive not recorded 
Bw light olive brown 
2.5Y5/4 
 slightly firm  
43-56  sandy loam massive not recorded 
Bw yellowish brown 
10YR5/6 
 firm  
56-76  sandy loam massive not recorded 
C yellowish brown 
10YR5/6 
many stones of 
calcareous 
sandstone 
firm  
76-84+  sandy loam massive bottom of hole 
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Soil chemistry: Soil Bureau lab number 8562 
Horizon Depth 
cm 
pH 
in water 
C 
% 
N 
% 
C/N 0.5M 
H2SO4 
mg/100g 
P 
retention 
% 
A 0-13 5.9 3.5 0.29 12 9 22 
A 13-23 6.0 2.3 0.20 12 9 27 
Bw 36-43 6.7 1.7 0.12 14 6 28 
Bw 56-61 7.0 0.6 0.07 9 7 25 
C 76-84 8.1 0.5 0.05 10 13 24 
 
Horizon Depth 
cm 
C
at
io
n
 
ex
ch
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e/
1
0
0
g 
To
ta
l 
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- 
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 b
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B
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%
 
C
a 
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e/
1
0
0
g 
M
g 
m
e/
1
0
0
g 
K
 
m
e/
1
0
0
g 
N
a 
m
e/
1
0
0
g 
A 0-13 17.6 15.9 90 13.9 1.30 0.53 0.13 
A 13-23 16.7 16.2 97 14.9 0.87 0.27 0.16 
Bw 36-43 14.6 14.6 100 13.6 0.64 0.18 0.16 
Bw 56-61 13.6 13.8 (100) 13.0 0.48 0.16 0.15 
C 76-84 13.8 free lime free lime free lime 0.41 0.15 0.12 
Note in the presence of free lime base saturation will be in excess of 100%. 
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Table 5. Hui Hui silt loam on clay loam with carbonate in the deep subsoil. 
Site location NZTopo50 BV24 676335, Pyramid Valley Vineyard, Waikari. Soil code 
Pyramid Valley H4. Figure 22. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A dark brown 
10YR3/3 
 weak 
slightly sticky 
slightly plastic 
 
0-25  silt loam strongly 
developed fine 
and medium 
polyhedral 
Distinct 
AB brown 
10YR4/3 and 
dark brown 
10YR3/3 
 firm 
slightly sticky 
slightly plastic 
 
25-38  silt loam strongly 
developed 
medium 
polyhedral 
Indistinct 
Bt yellowish brown 
10YR5/4 
 hard  
semideformable 
moderately sticky 
moderately plastic 
many 
discontinuous 
faint clay cutans 
38-80  clay loam weakly developed 
coarse prismatic 
Indistinct 
Bw light olive 
brown 
2.5Y5/4 
 firm 
slightly sticky 
slightly plastic 
 
80-120  silt loam weakly developed 
medium blocky 
Abrupt 
wavy 
2Ck white 
5Y8/1 
layered chalky 
limestone 
weak laminae of 
secondary 
calcium 
carbonate  
120-152  silt massive sharp  
smooth 
3R + 3Rk light olive 
brown 
2.5Y5/3 and 
white 5Y8/1 
siltstone 
with thin layers 
of chalky 
limestone  
very firm  
152-170   massive Abrupt 
4R light olive 
brown 
2.5Y5/3 
sandstone very firm  
170-200+   massive bottom of the 
hole 
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Figure 22. Hui Hui silt loam on clay loam (Pyramid Valley H4). (Photo by Philip Tonkin). 
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Table 6. Hui Hui silt loam on clay loam. 
Site location NZTopo50 BV24 6774336, Pyramid Valley Vineyard, Waikari. Soil code 
Pyramid Valley H6. Figure 23. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
2.5Y3/2 
 firm 
slightly sticky 
slightly plastic 
 
0-25  silt loam moderately 
developed 
medium and fine 
polyhedral 
Distinct 
AB very dark 
greyish brown 
2.5Y3/2 and  
light olive 
brown 
2.5Y5/4 
 firm 
slightly sticky 
slightly plastic 
 
25-35  silt loam moderately 
developed 
medium to fine 
polyhedral 
indistinct  
irregular 
Bt light olive 
brown 
2.5Y5/4 
 very firm 
sticky 
plastic 
many 
discontinuous 
faint clay cutans 
35-65  clay loam moderately 
developed fine 
prismatic and 
medium blocky 
Indistinct 
BC yellowish brown 
10YR5/4 
 very firm 
moderately sticky 
moderately 
plastic 
 
65-190  clay loam weakly developed 
coarse prismatic 
Diffuse 
CRk light olive 
brown 
2.5Y5/4 and 
white 
2.5Y8/1 
 hard 
moderately sticky 
moderately 
plastic 
filamentous 
calcium carbonate 
veins between 
prisms 
190-220+  clay loam weakly developed 
coarse prismatic 
bottom of the 
hole 
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Figure 23. Hui Hui silt loam on clay loam (Pyramid Valley H6). (Photo by Philip Tonkin). 
 
These Hui Hui soils were divided into three depth classes; 40 to 80 cm, 80 to 140 cm 
and 100 to 140+ cm. The shallower depth class overlay sandy limestone boulders or 
bedrock. Two of these soils illustrate some of the variation. Soil profile H4 (Table 5) 
was from the upper and H6 (Table 6) from the middle of this scarp slope. 
 
There is insufficient information on these soils. The soils on dip slopes are likely to be 
formed on either the calcareous sandstones or sandy limestones or colluvium derived 
from these rocks. These calcium carbonate cemented rocks are more resistant to 
erosion and form the prominent strike ridges along the crest of cuestas and on 
adjacent scarp slopes (Figure 6) where the soils tend to be shallow. These shallow soils 
(Figure 24) developed on the calcareous sandstones are more like Waikari soils and 
should be separately recognized. 
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Figure 24. An example of a shallow Hui Hui soil formed on calcareous sandstone. 
(Photo by Philip Tonkin). 
 
The deeper soils on footslopes with argillic Bt and calcic Bk or Ck subsoils have a 
potential for viticultural production. The wide array of soils currently mapped as Hui 
Hui Hill soils include Weathered Rendzic Melanic Soils, Pedal-calcareous Orthic 
Melanic Soils, Argillic-calcareous Orthic Melanic Soils and Typic Immature Pallic Soils 
(Hewitt, 2010). This highlights the need for further investigations to redefine the Hui 
Hui Hill soils. 
 
Waikari soils 
The Waikari soils are developed on the Weka Pass and Amuri Limestones that outcrop 
throughout North Canterbury. The glauconitic sandy Weka Pass Stone can be 
distinguished from the underlying fine grained more fractured Amuri limestone in 
stream cut exposures such as in the Weka Pass. However the distinction of the 
limestone parent rock cannot be always determined from the features of the Waikari 
soil profiles. These limestones form cuesta landforms with gentle dip slopes and 
steeper scarp slopes (Figures 4 and 5). Commonly the dip slopes, interfluves and upper 
scarp slopes are underlain by hard fractured massive sandy or silty limestone, whereas 
the mid to lower scarp slopes are underlain by firm to powdery chalky limestones and 
calcareous mudstones (marls). In many situations there are pale olive bands of 
glauconitic limestone and marl within the otherwise grey to creamy white limestone. 
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On mid to lower scarp slopes there are accumulations colluvial deposits of coarse 
angular limestone fragments shed from limestone outcrops. This colluvial limestone 
rubble may extend onto glauconitic sediments such as Karetu sandstone and Waipara 
greensand or interfinger with younger accumulations of layered sandy valley fill 
sediments (Figure 25).  All of this variation is reflected in the development of the 
different Waikari soils. In addition shallow Waikari soils presently mapped within the 
Hui Hui hill soils (Figure 24), are formed on the sandy limestone members of the 
Mount Brown Formation. These sandy limestones form distinctive strike ridges along 
the scarp slopes of the Mt Brown Formation (Figure 6).  
 
The Waikari soils are described in Fox et al. (1964) and Griffiths (1980). They vary from 
shallow A/R profiles where a thin A horizon of silt loam or clay loam texture with a 
variable content of angular limestone stones directly overlie the R horizon formed in 
the limestone or calcareous siltstone (marl) bedrock, to deeper soils with A/B/R 
profiles with stony clay loam Bw or less commonly clay Bt horizons. The more clayey 
subsoils are associated with the chalky limestones and marls and related colluvial 
deposits. Typically the shallower A/R soils occur on the dip slopes and ridge crests 
occurring in a mosaic with outcrops of the limestone bedrock. On the scarp slopes the 
soils become deeper with distance downslope and the Bw and Bt horizons have a clay 
loam and less commonly clay matrix with variable volumes of angular limestone 
stones.  
 
This pattern of soils was recognized in the soil surveys of Pyramid Valley (Tonkin, 1999) 
and Bell Hill (Tonkin, 2003) vineyards in the Waikari district. The following description 
of the Waikari soils is based on the observations from these two vineyard surveys with 
additional information from the records held by Landcare Research New Zealand 
Limited. The Pyramid Valley Vineyard is on the Pyramid Valley Road further to the 
west of Waikari town. This vineyard is sited on the scarp slopes of a limestone ridge. 
This ridge forms part of the westward dipping limb of an anticlinal structure (Figure 5) 
that has been eroded into a cuesta landform. The distribution of the geological 
formations is depicted on a Google earth image of Pyramid Valley (Figure 25). The Bell 
Hill Vineyard is on the Old Weka Pass Road to the west of Waikari town. The vineyard 
is sited on a small limestone hogback hence the shape of the hill is likened to a bell. 
The vineyard is on a scarp face with the upper part of the slope benched by a former 
limestone quarry. Side castings occur on the slopes below the former quarry. The soil 
surveys of Pyramid Valley and Bell Hill vineyards mapped the Waikari soils into four 
soil types, Wk1, Wk2, Wk3, and Wk4. This division is based on the absence or presence 
of recognizable subsoil features (AC, AR, Bw or Bt horizons) and the depth to clearly 
distinguishable stony limestone colluvium, limestone or calcareous siltstone or 
mudstone (marl) bedrock (CR or R horizons). Some of the limestones and marls are 
pale grayish green in colour indicating the presence of glauconite. The Waikari soil 
types identified as Wk1 and Wk2 occur on the ridge crest, north-western dip slope 
and upper part of the south-eastern scarp slope, of the limestone ridges. The Wk1 soil 
type is very shallow (less than 20 cm) with a very dark greyish brown A horizon over 
light grey to white limestone R horizon. The Wk2 soil type is shallow (20 to 45 cm) with 
a very dark greyish brown A horizon grading through an AC or AR transition into light 
grey to white limestone colluvium CR horizon or hard brittle or fragmented limestone 
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bed rock R horizon. On the dip slope the very shallow soils occur between the 
numerous limestone outcrops. The proportion of angular limestone stones in the 
surface soil horizons is variable. 
 
 
Figure 25. A vertical Google earth image of the Pyramid Valley Vineyard with an 
outline of the underlying geology superimposed on the image. 
 
Waikari soil type Wk2 (Figure 24) was described and sampled from the south facing 
dip slope on the Bell Hill Vineyard (Igua, 1995). This Waikari soil is mapped as Soil Set 
71aH (New Zealand Soil Bureau, 1968) and soil map units WH, WsH, W1H in the soil 
survey of the Waikari District (Griffiths, 1978). 
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Table 7. Waikari soil type Wk2. 
Site location NZTopo50 BV24 421 727, Bell Hill Vineyard, Waikari. Mid slope on a south 
facing aspect. The soil description is slightly modified from Igua (1995). Figure 26. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
grayish brown 
10YR3/2 
 weak 
non sticky 
non plastic 
 
0 – 10  silt loam strongly 
developed fine 
and medium 
spheroidal 
sharp 
smooth 
A very dark 
grayish brown 
10YR3/2 
few angular 
limestone 
fragments 
firm 
slightly sticky 
slightly plastic 
 
10 - 50  silt loam grading 
to 
clay loam 
strongly 
developed fine 
and medium 
polyhedral 
indistinct 
irregular  
AR light grey 
10YR7/2 
gravelly angular 
limestone 
fragments 
firm 
non sticky 
non plastic 
 
50 - 70  silt loam massive diffuse 
wavy 
R white 
2.5Y 8/1 
chalky 
limestone 
firm 
non sticky 
non plastic 
 
70+  ‘silty’ massive bottom of the 
hole 
                 
Soil chemistry: Waikari soil type Wk2 (Igua 1995, Table 4) 
 
Horizon 
 
Depth 
cm 
 
pH 
in 
H20 
 
C 
% 
 
N 
% 
 
C/N 
0.5M 
H2SO4 
P 
mg/100g 
 
Total 
P  
mg/100g 
 
Organic 
P 
mg/100g 
 
CaCO3 
% 
A 0-10 7.4 6.1 0.63 10 104 195 106 38 
A 10-20 
20-30 
30-40 
40-50 
7.4 
7.6 
7.7 
7.7 
4.8 
3.6 
3.0 
2.7 
0.52 
0.42 
0.36 
0.33 
9 
9 
8 
8 
99 
85 
87 
83 
178 
165 
171 
163 
95 
89 
87 
81 
43 
44 
46 
48 
AR 50-60 
60-70 
7.7 
7.9 
2.4 
0.8 
0.30 
0.11 
8 
8 
82 
68 
150 
92 
76 
24 
51 
67 
R 70-80 
80-90 
8.4 
8.5 
0.4 
0.4 
0.05 
0.04 
9 
10 
64 
66 
69 
70 
7 
6 
71 
73 
 
45 
 
 
Figure 26. Waikari soil type Wk2, Bell Hill Vineyard, Waikari. (Photo by Philip Tonkin). 
 
Waikari soil types Wk1 and Wk2 are the most commonly occurring and are typical of 
soils formed on limestone bedrock. This kind of soil is often referred to as Rendzina, a 
name that comes from Europe. In the New Zealand Soil Classification (Hewitt, 2010) 
they are classified as Typic Rendzic Melanic Soils. 
 
The Waikari soil sequence Wk1 plus Wk2, to Wk3, to Wk4 represent a gradient of soils 
from the shoulder to the foot of a limestone or marl scarp slope. The soil patterns on 
scarp slopes are affected by the variation in the limestones contributing to the 
colluvial mantle. Typically this colluvial mantle thickens toward the base of slopes. 
Another factor is the leaching and redistribution of soluble weathering products 
during soil development. All of these combine to create a soil catena, ideally a 
relatively simple soil pattern related to slope position evolved on relatively stable 
slopes over thousands of years. This pattern was evident in both the Pyramid Valley 
and Bell Hill vineyards. On the Pyramid Valley Vineyard selected sites on the scarp 
slope of the limestone ridge have been planted in grape vines. These are sites that 
include the Waikari Wk3 and Wk4 (Figure 27) soil types, together with some profiles 
identified as Timpendean soils. The soil pattern reflects the complexity of the 
underlying bedrock with lenses of glauconitic clays interbedded with the more pure 
limestones. The following soil descriptions are from the soil survey of Pyramid Valley 
Vineyard.  
 
The characteristic feature of the Waikari soil type Wk3 is the weathered Bw horizon 
between the organic enriched A horizon and the underlying limestone colluvium or 
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bedrock CR and R horizons. In this profile the CR horizon indicates a soft chalky 
limestone in contrast to hard brittle limestone designated as an R horizon. Waikari soil 
type Wk3 would have been mapped as unit W in the soil survey of the Waikari District 
(Griffiths 1978).  
 
Table 8. Waikari soil type Wk3. 
Site location NZTopo50 BV24 680428, Pyramid Valley Vineyard, Waikari. Midslope on 
the northeast facing limestone ridge. Soil code Pyramid Valley Hp4. Figure 27. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark brown 
10YR2/2 
 weak 
moderately sticky 
moderately 
plastic 
 
0 – 20  clay loam strongly 
developed fine 
and medium 
granular 
indistinct 
AB very dark brown 
10YR2/2 
 weak 
moderately sticky 
moderately 
plastic 
 
20 - 40 olive brown 
2.5Y4/4 
clay loam strongly 
developed  
medium 
polyhedral 
indistinct 
irregular 
Bw olive brown 
2.5YR4/4 
 firm 
moderately sticky 
moderately 
plastic 
 
40 - 65  clay loam moderately 
developed 
medium blocky 
sharp 
wavy 
CR pale yellow 
2.5Y 8/2 
chalky 
limestone 
very firm 
 
 
65 – 150 
 
  massive indistinct 
2CR light grey 
2.5Y7/2 
fragmented 
limestone and 
sand lenses 
weak  
150 – 180+ white 
2.5Y8/1 
 massive and 
single grained 
bottom of the 
hole 
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Figure 27. Waikari soil type Wk3, Pyramid Valley Vineyard (Hp4). (Photo by Philip 
Tonkin). 
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Table 9. Waikari soil type Wk 4. 
Site location NZTopo50 B24 680433, Pyramid Valley Vineyard, Waikari. Midslope on a 
southeast facing limestone ridge scarp slope. Soil code Pyramid Valley Wk10. Figure 
28. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark brown 
10YR2/2 
slightly gravelly 
 
firm 
very sticky 
very plastic 
 
0 - 30  clay strongly 
developed fine 
and medium 
polyhedral 
indistinct 
AB very dark brown 
10YR2/2 
slightly gravelly weak 
very sticky 
very plastic 
 
30 - 40 olive brown 
2.5Y4/3 
clay strongly 
developed  
medium blocky 
indistinct 
wavy 
Btk olive brown 
2.5YR4/3 
slightly gravelly firm 
very sticky 
very plastic 
few discontinous 
faint to distinct 
calcium 
carbonate 
filaments 
40 - 70  clay moderately 
developed 
medium prismatic 
and blocky 
distinct irregular 
CR light grey 
5Y7/2 
chalky 
limestone 
weak 
brittle 
 
 
70 - 160 
 
 ‘silt’ massive sharp 
wavy 
2CR light grey 
7.5Y8/2 
fragmented 
limestone 
weak to 
firm 
 
160 - 290+ olive grey 
7.5Y6/2 
glauconitic 
loamy sand 
single grained bottom of the 
hole 
 
The characteristic feature of this Waikari soil type is the argillic Bt or Btk horizon 
between the organic enriched A horizon and the underlying limestone colluvium or 
bedrock CR and R horizons (Figure 28). The Bt horizons have a clay texture and may 
have visible evidence of clay coatings (cutans) or pressure faces on soil structure (ped) 
surfaces. The CR horizon indicates a soft chalky limestone in contrast to hard 
limestone designated as an R horizon. The upper boundary of the CR horizon is 
identified as a paralithic contact, a boundary that is rock like and constrains the 
development of plant roots to fractures in the limestone bedrock. The development 
of an argillic Bt or Btk horizon places this soil into a different argillic category of 
Melanic soil that is presently not recognized in New Zealand Soil Classification (Hewitt, 
2010).  
49 
 
 
 
Figure 28. Waikari soil type Wk4, Pyramid Valley Vineyard (Wk10). (Photo by Philip 
Tonkin). 
 
Three examples of the Waikari soil type Wk4 (Figure 29) illustrate the variations in the 
depth and proportions of subangular to subrounded limestone stones in the A and Bt 
or Btk horizons. The feature linking all of these profiles is the clay matrix texture of the 
A and Bt horizons. The distinction between a Bt and a Btk horizon is that the latter has 
evidence of secondary deposition of calcium carbonate as filaments on faces of the 
soil structure and as pore linings. The characteristic clay textured Bt or Btk horizons of 
this Waikari soil can form in several ways; by dissolving the calcium carbonate from 
the limestone to leave the non soluble fraction as a residual clay, the soil developing 
from a marl which has a greater proportion of clays or silts that weather to form clays, 
and the deposition of wind transported silts and clays that become incorporated into 
the soil as it develops. There are no chemical analyses for Waikari soil types Wk3 and 
Wk4.  
 
The descriptions and analyses of Waikari soils held by Landcare Research New Zealand 
Ltd were collected in the period between 1950 and 1970.  All three sampled soils were 
in the same general locality, up slope of the water tank adjacent to the former railway 
crossing on the Highway 7, at the southern approach to Waikari town (Figure 30). A 
full profile description and chemical analyses are given in Griffiths 1980 (pages 80 and 
60). The dominant clay in the A horizon of this soil was the swelling clay 
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montmorillonite. Of these three Waikari soil profiles for which there are chemical 
analyses, none were sampled to depths greater than 30 cm, the depth of the A 
horizon. This soil is comparable to Waikari soil type Wk2.  
 
 
Figure 29. Waikari soil type Wk4, illustrating the variation in soil depth and proportion 
of limestone fragments in the A, Bt and Bt(k) horizons, Pyramid Valley Vineyard, 
Waikari. (Photos by Philip Tonkin). 
 
 
                      
Figure 30. Waikari soil type Wk2 exposed in the access road to the water tank at 
Waikari (NZTopo50 BV24 759422). The length of the scale tape is 1.3 metres. (Photo 
by Philip Tonkin).  
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Timpendean soils 
Griffiths (1978, 1980) established Timpendean series for those soils developed on 
glauconitic sandstone and siltstone and colluvium derived from these rocks. In North 
Canterbury there are several geological formations with significant glauconitic 
content, including the stratigraphic sequence Karetu sandstone, Ashley mudstone and 
Waipara greensand Formations that underlie the Amuri limestone. With few outcrops 
the nature of the underlying bedrock is not easily established from the observations 
made when mapping the soils. Griffiths (1980) describes only one soil profile from the 
Timpendean Hill soil, a soil complex (Table 9). This soil was formed on glauconitic 
sandstone with highly weathered portions and the textures of the soil horizons varying 
from loamy medium sand to sandy clay loam. In the survey of Pyramid Valley Vineyard 
(Tonkin, 1999) areas mapped as Timpendean sandy loam and Timpendean Hill soils by 
Griffiths (1978) were re-examined in detail and the soils consistently had clay loam, 
sandy clay loam or clay textures and the lowest soil horizons had an apparent (relict) 
sandy fabric but the ‘sand’ grains broke down to give a sandy clay loam or sandy clay 
texture, the inference being that the unweathered bed rock may have been a 
glauconitic sandstone. Griffiths (1978) in an extended soil legend lists the Awapuni soil 
family as a having similar morphological features to the Timpendean soils on the basis 
that both are formed on glauconitic sediments or alluvium derived from these 
sediments. The Timpendean soils for which chemical analyses are available are from 
Griffiths (1980) and Igua (1995) (Tables 9 and 10). 
 
Table 9. Timpendean Hill soil.  
Sampled within an area mapped as Timpendean sandy loam. Site location Topo50 BV 
24 766237, 600 m northeast of Timpendean on Highway 7 in the Weka Pass, North 
Canterbury. Soil Bureau lab number 8538. Soil description is slightly modified from 
Griffiths (1980). 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark brown 
10YR2/2 
few stones of 
glauconitic 
sandstone 
slightly hard (dry)  
0-10  loamy medium 
sand 
moderately 
developed fine 
polyhedral 
not recorded 
A very dark 
greyish brown  
10YR3/2 
 hard (dry)  
10-23  loamy medium 
sand 
weakly developed 
medium 
polyhedral 
not recorded 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
AB olive brown 
2.5Y4/4 
very dark  
greyish brown 
10YR3/2 
few stones hard to very hard 
(dry) 
 
23-36  loamy medium 
sand 
weakly developed 
coarse polyhedral  
not recorded 
Bw olive brown 
2.5Y4/4 
strong brown 
7.5YR5/6 
patches of 
weathered 
sandstone 
firm  
36-53  medium sandy 
loam 
massive not recorded 
Bw olive 
5Y5/4 
reddish brown 
5YR5/4 patches 
of weathered 
sandstone 
weak 
friable 
 
53-66 yellowish brown 
10YR5/6 
coating on 
worm casts 
medium sandy 
loam 
massive not recorded 
C olive 
5Y4/4 
proportion of 
weathered 
sandstone 
increasing  
not recorded  
66-91 reddish brown 
patches 
sandy clay loam not recorded not recorded 
CR olive 
5Y4/4 
weakly and 
highly weathered 
glauconitic 
sandstone 
not recorded  
91-100+   massive not recorded 
 
Soil chemistry: Soil Bureau lab number 8538 
Horizon Depth 
cm 
pH 
in water 
C 
% 
N 
% 
C/N P 
retention 
% 
A 0-10 5.6 3.4 0.25 14 13 
A 13-23 5.8 2.2 0.19 12 15 
Bw 38-51 5.5 0.8 0.08 10 30 
Bw 56-66 5.5 0.7 0.07 10 39 
C 69-79 5.3 0.6 0.07 9 52 
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Horizon Depth 
cm 
CEC 
me/100g 
TEB 
me/100g 
Base 
saturation 
% 
Ca 
me/100g 
Mg 
me/100g 
K 
me/100g 
Na 
me/100g 
A 0-10 12.4 7.3 59 4.4 1.8 0.99 0.13 
A 13-23 11.2 6.0 54 3.5 1.6 0.77 0.08 
Bw 38-51 10.6 3.6 34 2.2 1.0 0.25 0.10 
Bw 56-66 13.6 3.8 28 2.3 1.2 0.17 0.17 
C 69-79 21.1 5.5 26 3.3 1.7 0.25 0.24 
 
An example of a Timpendean silt loam on clay (Table 10) was described and sampled 
within an area mapped as Timpendean silt loam (Griffiths, 1978). In Griffith’s brief 
description of these soils they were recorded as having dark greyish brown silt loam A 
horizons overlying brown silt loam Bw horizons on olive brown silty clay loam Bt 
horizons grading to glauconitic siltstone R horizons. This is in contrast to the clay 
textured Bt and BC horizons of the soil described by Igua (1995).  
 
Table 10. Timpendean silt loam on clay (Igua, 1995). 
Sampled within an area mapped as Timpendean silt loam on clay. Site location 
Topo50 BV24 693433, Limeworks Road, Waikari, North Canterbury. Figure 31. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 firm 
slightly sticky 
slightly plastic 
 
0-20  silt loam moderately 
developed 
polyhedral and 
spheroidal 
distinct 
smooth 
Bt(f) yellowish brown 
10YR5/4 
 firm 
very sticky 
very plastic 
common 
discontinuous 
distinct clay 
cutans 
20-60 many fine 
distinct  
yellowish brown 
10YR5/6 mottles 
clay strongly 
developed 
prismatic 
breaking to 
coarse blocky 
distinct  
smooth 
BC light olive 
brown 
2.5Y5/4 
 firm 
very sticky 
very plastic 
 
60-100  clay strongly 
developed very 
coarse prismatic 
distinct 
wavy 
C olive 
5Y5/4 
 firm 
slightly sticky 
slightly plastic 
 
100+  sandy clay loam massive bottom of the 
hole 
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Soil chemistry: (Igua 1995) 
Horizon Depth 
cm 
pH 
in 
water 
C 
% 
N 
% 
C/N 0.5m 
H2SO4 
P 
mg/100g 
Organic 
P 
mg/100g 
Total 
P 
mg/100g P
 
R
et
en
ti
o
n
 
%
 
A 0-10 6.2 2.9 0.31 9 17 47 67 27 
A 10-20 6.2 2.9 0.30 10 14 46 62 28 
Bt 20-30 6.2 1.1 0.15 7 6 25 35 29 
Bt 30-40 6.2 0.8 0.11 7 3 19 26 40 
Bt 40-50 6.0 0.8 0.10 8 3 17 26 38 
Bt 50-60 6.2 0.7 0.09 8 2 15 22 42 
BC 60-70 6.1 0.6 0.07 8 2 10 18 33 
BC 70-80 6.2 04 0.05 8 2 5 12 33 
BC 80-90 6.2 0.4 0.05 8 2 5 13 30 
BC 90-100 6.7 0.4 0.05 8 3 5 14 33 
C 100-120 8.1 0.3 0.04 8 26 5 37 29 
 
 
 
 
Figure 31. Timpendean silt loam on clay, Lime Works Road Waikari (Igua, 1995). 
(Photo by Philip Tonkin). 
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The following soil description (Table 11) is from an area mapped by Griffiths (1978) as 
Timpendean Hill soils on the Pyramid Valley Vineyard.  
 
Table 11. Timpendean clay loam on clay. 
Site location Topo50 BV24 685427, Pyramid Valley Road, west of Waikari, North 
Canterbury Soil code Pyramid Valley T1. Figure 32. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark brown 
10YR2/2 
 weak 
slightly sticky 
slightly plastic 
 
0-26 very dark brown 
10YR2/2  
and olive brown 
2.5Y4/4 
clay loam strongly 
developed 
medium 
polyhedral and 
spheroidal 
distinct 
AB olive brown 
2.5Y4/4 
 slightly firm 
sticky plastic 
 
26-36  clay strongly 
developed 
medium and fine 
blocky 
indistinct 
irregular 
Bt1 olive brown 
2.5Y4/4 
 firm 
very sticky  
very plastic 
many continuous 
faint clay cutans 
36-66  clay strongly 
developed 
medium blocky 
indistinct 
Bt2 light olive 
brown 
2.5Y5/4 
 hard (dry) 
very sticky 
very plastic 
many continuous 
faint olive brown 
2.5Y4/3 clay 
cutans along 
prisms 
66-105  sandy clay with a 
relict sand fabric 
weakly developed 
medium prismatic 
 
BCt dark olive 
5Y4/4 
 slightly firms 
sticky plastic 
 few continuous 
faint olive 
5Y5/3 clay cutans 
105-165  sandy clay with a 
relict sand fabric 
massive indistinct 
CRt light olive 
brown 
2.5Y4/3 
and olive 5Y4/4 
weathered 
muddy 
glauconitic 
sandstone 
hard 
moderately sticky 
moderately 
plastic 
few continuous 
faint olive 
5Y5/3 clay cutans 
165-200+  sandy clay loam massive bottom of the 
hole 
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Figure 32. Timpendean clay loam on clay, Pyramid Valley Vineyard (T1). (Photo by 
Philip Tonkin). 
 
Griffiths (1978, 1980) in the survey of the Waikari District identified soils with clay 
textures developed on glauconitic mudstone. He named them Medway soils, a soil 
originally mapped in Marlborough. Only two small areas of these soils occur on 
Griffiths soil map and no description was given.   The clay textured soils such as the 
‘Timpendean’ soils from Pyramid Valley highlights the confusion and the need for the 
Timpendean soils to be better defined and characterized. In the Waikari survey report 
(Griffiths, 1980) and Wallace et al., (2000) Timpendean soils are classified as Typic 
Immature Pallic Soils. The clay-textured soils described from areas mapped as 
Timpendean by Griffiths (1978) would classify as Vertic Melanic Soils. The Timpendean 
soils as mapped are a complex of more than one category of soil formed on glauconitic 
and bentonitic (smectite) rich sediments that vary from sandstones to mudstones. 
Part of the Bell Hill Vineyard near Waikari is planted on these soils. Some parts of 
vineyards on the eastern side of the Omihi Valley may also be planted on these soils, 
but this has yet to be confirmed. Detailed mapping of these soils has not taken place 
in the North Canterbury landscape but a few families are listed in Table 1.  
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6. Loess Downlands 
 
Weathered conglomerates, sandstones, sandy limestones and in places marls underlie 
the downland landforms. Remnants of a loess mantle occur on some ridges and gentle 
slopes and in particular the lower downland slopes.  The thickness of the loess cover 
is variable, constituting only the upper horizons of some soils (from 20 to 60 cm 
depth), or encompassing the whole depth of the soil (greater than 2 m). At the 
southern end of the Omihi Valley a thick section of loess is exposed in a cutting where 
the Mt Cass road crosses the axis of the Black Anticline (Figure 17). The extent of this 
thick loess is not known.  As previously described non-calcareous loess is sourced from 
the north and west of the Waipara region and calcareous loess sourced locally from 
calcareous sediments. The Waipara soils are developed in non-calcareous loess and 
the Tokarahi soils in calcareous loess. The latter occur to the south and east of the 
Omihi Valley.   
 
Waipara soils 
The Waipara soils were described and mapped by Fox et al. (1964) and Griffiths (1978, 
1980). These soils are not well defined. Fox et al. (1964) record that the Waipara soils 
were developed in fine alluvium derived from the cover sequence of sedimentary 
rocks. In his descriptions the well structured A horizons have silt loam textures and 
the B horizons clay loam textures. This early survey was done in 1952-3 and loess was 
not specifically recognized at that time, whereas today it is widely recognized 
throughout North Canterbury (Figure 17). The implication is that the Waipara soils as 
described by Fox et al. (1964) may well be developed in loess or loess derived 
sediments. The distinction between loess and similarly textured siltstones or 
mudstones can be confusing as the latter are commonly the source of the silty or 
clayey sediments deposited by the wind as loess. Where Waipara soils are developed 
in silty textured loess they are distinguished by the development of a hard pan in the 
subsoil. The hard pan is a fragipan horizon indicated by the subscript x e.g. Bx. This is 
a high density non-cemented horizon that will breakdown (slake) when immersed in 
water. 
 
Griffiths (1980) has one detailed description of a Waipara soil type (Table 11) from a 
site approximately 4.8 km north of Waikari on Highway 7 (Griffiths 1980, pages 70-71 
and page 56). This roadside exposure of a Waipara soil had 13 cm of overburden from 
road workings on the surface of the soil profile. In the tabulated description this 13 
cm has been removed from the depths recorded in Griffiths (1980) and some of the 
descriptive terms have been changed to fit with current conventions. 
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Table 11. Waipara silt loam (Wp1), Griffiths (1980). 
Site location NZTopo50 BV24 771471, roadside exposure on former alignment of 
Highway 7. Soil Bureau lab number 8290. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A dark grey 
10YR4/1 
 firm 
 
 
0 – 23 few yellowish 
brown 
10YR5/6 worm 
casts 
silt loam moderately 
developed fine 
polyhedral 
not recorded 
AB dark greyish 
brown 
10YR4/2 
 firm  
23 - 30  silt loam weakly developed 
fine polyhedral 
not recorded 
Bw yellowish brown 
10YR5/4 
 very firm  
30 - 40 few large dark 
greyish brown 
10YR4/2  
worm casts 
silt loam massive not recorded 
Bx yellowish brown 
10YR5/4 
 very firm to hard 
 
 
40 – 58 
 
few fine 
yellowish brown 
10YR5/6 
mottles 
silt loam strongly 
developed coarse 
polyhedral and 
blocky 
not recorded 
 
2Btx light brownish 
grey 
2.5Y6/2 
 hard (dry) numerous fine 
worm channels 
lined with brown 
7.5YR5/4 
clay cutans 
58-78 strong brown 
7.5YR5/6 
mottles 
silt loam weakly developed 
polyhedral and 
numerous worm 
casts 
not recorded 
 
 
2Btx(f) yellowish brown 
10YR5/4 
 very hard (dry) many strong 
brown 7.5YR5/6 
worm casts and 
channels lined 
with dark brown 
7.5YR4/4 
clay cutans 
78-96 few strong 
brown soft 
concretions 
many strong 
brown mottles 
silt loam moderately 
developed coarse 
blocky and 
medium prismatic 
not recorded 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2BCtx yellowish brown 
10YR5/4 
 very hard common 
dark brown 
7.5YR4/4 
clay cutans 
lining worm 
channels and on 
aggregate faces 
96-129  silt loam moderately 
developed coarse 
and medium 
prismatic 
not recorded 
(the bottom of 
this horizon 
forms the 
overhang in  
road cuttings) 
2Ctx yellowish brown 
10YR5/4 
 very hard common dark 
brown 7.5YR4/4 
clay cutans 
129+ 
 
 silt loam massive to weakly 
developed fine 
polyhedral 
bottom of the 
exposure 
 
The soil horizons with the 2 prefix are interpreted as a second layer of loess within this 
profile and may have been part of a soil that was subsequently buried by the 
deposition of more loess or by loess redistributed by surface erosion processes. 
 
Soil chemistry: Soil Bureau lab number 8290 (Griffiths 1980, pages 56-57) 
 
Horizon 
 
Depth 
cm 
pH 
in 
water 
 
C 
% 
 
N 
% 
 
C/N 
0.5 M 
H2SO4 
P 
mg/100g 
Organic 
P 
mg/100g 
A 8-20 6.5 1.8 0.17 11 21 41 
AB 25-36 6.8 1.1 0.12 9 17 33 
Bw 38-48 6.9 0.4 0.06 7 19 14 
Bx 51-66 7.1 0.3 0.05 6 29 4 
Cx1 71-84 5.9 0.3 0.04 7 36 3 
Cx2 99-114 5.4 0.2 0.03 5 33 17 
C2 122-127 5.6 0.3 0.03 10 45 0 
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0
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A 8-20 14.5 8.9 61 6.3 2.2 0.1 0.23 
AB 25-36 12.5 8.4 68 5.7 2.2 0.1 0.5 
Bw 38-48 12.5 10.6 83 6.8 2.6 0.1 0.9 
Bx 51-66 19.3 15.4 81 9.8 4.0 0.1 1.7 
Cx1 71-84 15.6 11.4 74 6.7 3.2 0.1 1.6 
Cx2 99-114 13.3 9.3 74 4.7 2.9 0.1 2.1 
C2 122-127 11.8 10.6 92 5.4 3.0 0.1 2.4 
The horizons and sampled depths do not match up with the profile description above, taken from 
Griffiths (1980). This Waipara profile has a Soil Bureau lab number of SB8290 and is of a soil described 
and sampled in 1967 from 5.3 km north of Waikari township on Highway 7. 
 
 
Figure 33.  Idealized crossection of a downland ridge and gully, Highclare Downs on 
the north western side of the Omihi Valley. 
 
Waipara clay loam on clay Wp2 (Table 12) was described on Highclare Downs on the 
north-western side of the Omihi Valley (Almond and Tonkin 1993). The site was on a 
broad ridge with a cover of about 2.6 metres of loess overlying Kowai Formation 
(Figure 33). 
 
This Waipara soil is formed in loess that is 2.6 metres thick overlying weathered Kowai 
Formation conglomerate. The soil is more clayey than the Waipara soil described by 
Griffiths (1980). This is likely to be the consequence of the distance the loess has been 
transported by north-westerly winds from its assumed source, the Amuri Plain. It has 
the morphological features of a Waipara soil with the proviso that it has evidence of 
secondary calcium carbonate (Bwk horizon) at depth. The vermiform fabric in the Bw 
horizon notes the presence of relict worm burrows. The published descriptions of 
Waipara soils have not recorded soil profile features below a depth of 1.30 m.  The 
two Waipara soils described represent different soil types, Wp1 with silt loam textures 
and a Wp2 with clay loam overlying clayey horizons. The Waipara soils occur in some 
of the North Canterbury vineyards situated on downland topography. The Waipara 
soils have the classification of Argillic Fragic Pallic Soils (Hewitt, 2010) because of the 
evidence of clay redistribution to form cutans as pore linings and as coatings on 
aggregates together with the development of fragipans horizons. There is insufficient 
information on these soils.   
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Table 12. Waipara clay loam on clay Wp2. 
Location NZTopo50 BV24 787359, Highclare Downs Farm. Soil code North Canterbury 
Highclere P6-1. Figure 34.   
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 firm 
semideformable 
moderately sticky 
moderately plastic 
 
0-20  clay loam strongly 
developed 
medium 
subangular blocky 
distinct 
wavy 
AB very dark 
greyish brown 
10YR3/2 light 
yellowish brown 
2.5Y6/3 
 firm 
semideformable 
moderately sticky 
moderately plastic 
 
20-35  clay loam strongly 
developed 
medium to coarse 
blocky 
distinct 
irregular 
Btx(g)1 greyish brown 
2.5Y5/2 
very dark 
greyish brown 
2.5Y3/2 
 very firm 
deformable 
very sticky 
very plastic 
cutans present 
but not described 
35-60 common 
medium distinct 
brownish yellow 
10YR6/6 
mottles and 
pale yellow 
2.5Y7/3 veins 
clay strongly 
developed 
medium to coarse 
blocky 
indistinct 
Btx(g)2 light yellowish 
brown 2.5Y6/3 
 very firm 
brittle (dry) 
moderately sticky 
moderately plastic 
cutans present 
but not described 
60-90 light grey 
2.5Y7/2 veins 
clay moderate coarse 
blocky and 
prismatic 
indistinct 
Bw light olive 
brown 
2.5Y5/4 
 firm 
brittle 
slightly sticky 
moderately plastic 
 
90-150  silty clay loam weak coarse 
prismatic 
(vermiform fabric) 
distinct 
smooth 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
Bwk light olive 
brown 
2.5Y5/4 
 slightly firm 
brittle 
slightly sticky 
moderately plastic 
2.5Y8/2 fine 
filamentous 
calcium 
carbonate 
170  silty clay loam massive bottom of the 
hole 
 
 
                              
Figure 34. Waipara soil clay loam on clay Wp2 (Soil code North Canterbury Highclare 
P6-1), Highclare Downs, Waipara. (Photo by Philip Tonkin). 
 
 
Tokarahi soils 
The Tokarahi soils were first named and described in North Otago for soils that were 
developed in loess overlying marls or limestones. Similar soils on the eastern side of 
the Omihi Valley have been identified as Tokarahi soils (Trevor Webb personal 
communication 2010). These soils are developed in loess that had an initial calcium 
carbonate content and may also overly calcareous siltstones and mudtones (marls) 
and limestones. Two soil types are recognized, Tokarahi clay loam on clay (Tok1) for 
soils formed in deep loess (Tables 13 and 14) and a Tokarahi soil (Tok2) for soils formed 
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in loess less than one metre deep overlying marls or limestones. The soil type (Tok2) 
has yet to be described in detail. The thick loess mantling the downland topography is 
exposed along the southern end of the Omihi Valley, where the Mt Cass road crosses 
the axis of the Black Anticline (Figure 17). 
 
Table 13. Tokarahi clay loam on clay Tok 1. 
Site location NZTopo50 BV24 825306, Tiromoana Farm, Mt Cass road, Waipara. Soil 
code North Canterbury Omihi 7. The soil description with slight modification is from 
Smith (1989). Figure 35. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
2.5Y3/2 
 firm 
semideformable 
moderately sticky 
moderately plastic 
 
0-20  clay loam strongly developed 
medium granular 
and polyheral 
indistinct 
AB very dark 
greyish brown 
2.5Y3/2 
and olive brown 
2.5Y4/4 
 firm 
semideformable 
moderately sticky 
moderately plastic 
 
20-30  clay loam strongly developed 
medium 
polyhedral 
indistinct 
wavy 
Bt1 olive brown 
2.5Y4/4 
 firm 
deformable 
very sticky 
very plastic 
 
30-50  clay strongly developed 
coarse to medium 
blocky 
diffuse 
Bt2 olive brown 
2.5Y5/4 
 firm 
semideformable 
very sticky 
very plastic 
 
50-90  clay weakly developed 
coarse blocky 
distinct 
smooth 
Bwk olive brown 
2.5Y5/4 
 firm 
brittle 
moderately sticky 
moderately plastic 
light grey 
2.5Y8/2 veins and 
filamentous 
calcium 
carbonate 
90-120+  clay massive 
(vermiform fabric) 
bottom of the 
hole 
 
This soil (Table 13) was described and sampled from the crest of the Black Anticline 
and adjacent to the exposure of 13 m of loess in a cutting on the south side of the Mt 
Cass Road (Figure 17). The loess overlies an upward fining alluvial valley fill sequence 
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that, in turn, unconformably overlies steeply dipping marine sediments of the Kowai 
Formation (Figure 18). This exposure confirms that this soil is formed in the upper 
most of three loess sheets. 
 
Soil chemistry: North Canterbury Omihi 7 
Horizon Depth 
cm 
pH  
in water 
pH 
in CaCl2 
% loss on 
ignition 
Total 
P 
g/g 
Acid 
soluble + 
Organic 
P 
g/g 
CaCO3 
% 
A 0-10 5.6 5.0 7.0 76 71 1.0 
A 10-20 5.4 4.6 4.9 56 53 0 
AB 20-30 5.4 5.1 3.8 35 31 0 
Bt1 30-40 5.4 5.0 4.0 28 24 0 
Bt1 40-50 5.4 5.1 3.3 31 27 0.4 
Bt2 50-60 5.5 5.2 3.0 32 30 0.3 
Bt2 60-70 5.7 5.0 2.7 36 33 0.2 
Bt2 70-80 5.9 5.6 2.6 37 38 0.9 
Bt2 80-90 7.7 7.1 2.3 51 50 0.4 
Bwk 90-100 8.0 7.4 2.7 52 53 2.1 
Bwk 100-110 8.3 7.5 2.7 84 51 3.9 
Bwk 110-120 8.3 7.5 2.5 82 52 3.0 
 
Horizon Depth 
cm 
TEB 
me/100g 
Base 
saturation 
% 
Ca 
me/100g 
Mg 
me/100g 
K 
me/100g 
Na 
me/100g 
A 0-10 12.4 98 9.7 1.3 1.0 0.2 
A 10-20 10.4 98 8.1 1.3 0.5 0.2 
AB 20-30 17.8 99 14.1 3.0 0.2 0.3 
Bt1 30-40 24.0 99 19.2 3.9 0.3 0.4 
Bt1 40-50 23.6 97 18.9 3.6 0.3 0.5 
Bt2 50-60 22.3 98 17.8 3.1 0.2 0.6 
Bt2 60-70 19.7 99 16.0 2.5 0.2 0.7 
Bt2 70-80 19.6 99 16.0 2.4 0.2 0.7 
Bt2 80-90 26.1 99 22.7 2.1 0.2 0.8 
Bwk 90-100 57.0 (100) 53.3 2.1 0.1 0.8 
Bwk 100-110 61.1 (100) 57.3 2.4 0.1 0.9 
Bwk 110-120 54.8 (100) 50.8 2.3 0.1 1.0 
This Tokarahi clay loam on clay was sampled at 10 cm increments to a depth of 1.2 metres. 
 
Loss on ignition is a simpler but less accurate method for estimating the amount of 
organic matter in a soil. In the presence of calcium carbonate (free lime) the base 
saturation will exceed one hundred percent because of the presence of calcium ions 
released from calcium carbonate and other salts if present.  
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Figure 35. Tokarahi clay loam on clay (Tok1) (Soil code North Canterbury Omihi 7), 
Tiromoana Farm, Waipara. (Photo by Philip Tonkin). 
 
 
Another example of this Tokarahi clay loam on clay (Tok1) (Table 14) was sampled 
from the lower slopes on the eastern side of the Omihi Valley (Alloway and Tonkin  
1992) on a vineyard of Black Estate between Muddy Water and Greystones vineyards.  
The site was adjacent to a silage pit still exposed in the early 1990’s. The slope is 10 
degrees and the aspect north-west. The Bk horizon from 180 to 200+ cm (not shown 
in Figure 36) had a distinctive fabric made up of back filled worm burrows (vermiform 
fabric) with the edges of the burrows highlighted by the deposition of secondary 
calcium carbonate. The Bk horizon reacts with hydrochloric acid. 
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Table 14. Tokarahi clay loam on clay Tok1. 
Site location NZTopo50 BV24 839334, Black Estate Vineyard, Omihi Valley, Waipara 
Soil code North Canterbury Omihi 1. Figure 36. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 firm 
semideformable 
moderately sticky 
moderately plastic 
 
0-32  clay loam strongly 
developed 
medium 
subangular blocky 
and polyhedral 
indistinct 
wavy 
AB very dark 
greyish brown 
10YR3/2 
and brown 
10YR4/3 
 strong  
brittle  
moderately sticky 
moderately  
plastic 
 
32-47  clay loam strongly 
developed coarse 
blocky 
indistinct 
wavy 
Bt(g)1 light brownish 
grey 
2.5Y6/2 
 strong brittle very 
sticky 
very plastic 
common 
discontinuous 
faint to distinct  
clay cutans 
47-80 common 
medium distinct 
strong brown 
7.5YR5/6 
mottles. 
clay strongly 
developed coarse 
blocky 
diffuse 
Bt(g)2 light brownish 
grey 
2.5Y6/2 
 very firm 
semideformable 
very sticky  
very plastic 
common 
discontinuous 
faint to distinct 
 clay cutans 
80-130 common 
medium distinct 
strong brown 
7.5YR5/6 
mottles 
clay strongly 
developed coarse 
blocky 
indistinct 
wavy 
Bw light olive 
brown 
2.5Y5/4 
 
 slightly firm 
semideformable 
moderately sticky 
moderately  
plastic 
vermiform fabric 
 
 
130-180  silty clay loam weakly developed 
fine polyhedral to 
massive 
distinct 
smooth 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
Bk light yellowish 
brown 
2.5Y6/3 
 
 firm brittle 
moderately sticky 
moderately plastic 
vermiform fabric 
white N8/0 
fine filaments of 
calcium carbonate 
180-200+  silty clay loam weakly developed 
fine polyhedral to 
massive 
bottom of the 
hole 
 
Soil chemistry: North Canterbury Omihi 1 
Horizon Depth 
cm 
pH in 
water 
pH in 
KCl 
C 
% 
S-SO4 
g/g 
Total P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-15 6.0 4.9 3.3 2.57 846 315 531 
A 15-32 6.2 5.0 2.0 1.72 779 261 518 
AB 32-47 6.3 4.8 1.3 - 765 235 530 
Bt(g)1 47-63 6.6 4.7 0.5 1.75 425 223 202 
Bt(g)1 63-80 6.9 4.7 0.3 - 358 265 93 
Bt(g)2 80-103 7.5 5.0 0.3 - 288 257 32 
Bt(g)2 103-128 7.7 5.3 0.3 1.42 203 174 30 
Bw 128-150 8.1 5.8 0.3 2.53 350 298 51 
Bw 150-180 8.1 5.6 0.1 2.37 423 370 53 
Bk 180-200 8.4 5.9 0.1 1.42 523 461 62 
Bk 200+ 8.8 7.1 0.2 2.88 550 399 152 
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A 0-15 13.6 15.5 (100) 12.9 1.6 1.0 0.1 
A 15-32 15.4 16.4 (100) 13.6 1.7 0.6 0.2 
AB 32-47 14.9 15.0 (100) 12.2 2.2 0.4 0.1 
Bt(g)1 47-63 14.6 14.8 (100) 11.4 2.5 0.4 0.4 
Bt(g)1 63-80 15.1 14.9 (100) 11.2 2.6 0.4 0.6 
Bt(g)2 80-103 14.8 15.8 (100) 11.2 2.8 0.5 1.3 
Bt(g)2 103-128 18.9 19.4 (100) 13.4 3.3 0.6 2.0 
Bw 128-150 16.0 16.8 (100) 11.0 2.8 0.6 2.4 
Bw 150-180 15.2 15.8 (100) 10.0 2.8 0.6 2.5 
Bk 180-200 14.9 14.7 99 9.2 2.7 0.7 2.1 
Bk 200+ 14.9 19.4 (100) 14.6 2.3 0.7 1.9 
 
The high pH values in the Bt(g)2, Bw and Bk horizons indicate the presence of calcium 
carbonate (free lime) and / or soluble salts. The dissolution and translocation of 
calcium carbonate from the upper horizons of this profile is recognized by the 
presence secondary calcium carbonate occurring as white veins, powdery filaments 
and pore linings in the Bk horizon.  Base saturation values exceeding 100 percent in 
all soil horizons would also indicate the presence of free lime, as does the pH (in water) 
with values of 7 or higher. Further analyses on these soils are required to confirm the 
presence of soluble salts which is indicated by the high exchangeable sodium in the 
Bt(g)2, Bw and Bk horizons. 
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Figure 36. Tokarahi clay loam on clay (Tok1) (Soil code North Canterbury Omihi 1), 
Black Estate Vineyard, Omihi Valley Waipara. (Photo by Philip Tonkin). 
 
In previous articles on the soils in the Waipara District (Tonkin and Hassall 1996; 
Tonkin et al., 2000) the Tokarahi soil Tok1 developed in thick loess (> 3 m) was 
identified by a provisional name of Glenray, the name of a local farm on which these 
soils were first identified. The Tokarahi soil developed in thinner loess (< 2 m) overlying 
marls and limestones has been recognized on the eastern side of the Omihi Valley.  
 
The Tokarahi soils are classified as Argillic Orthic Melanic Soils (Hewitt, 2010). The 
calcic horizon (Bk) at depths below 90 cm is not recognized in this classification. The 
presence of secondary calcium carbonate in these deeper horizons is likely to be of 
significance for deep-rooted plants such as grape vines.  A stretching of the depth 
limits of Hewitt (2010) would place Tokarahi soils into the class of Argillic-calcareous 
Orthic Melanic Soils.  
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7. Downlands and associated fans 
The downlands the bordering of the Waipara Basin, are underlain by weathered 
conglomerates and sandstones of the Kowai Formation and the underlying sandstones 
and sandy limestones of the Mt Brown Formation.  On the north-western side of the 
basin deeply incised gulleys expose both these formations (Figure 11). Along this 
margin Glenmark soils are formed in weathered clayey and gravelly fan sediments and 
Pahau soils formed in clayey sediments. These clayey sediments are the distal 
components of these fans comprising a variable thickness of clayey alluvium in places 
overlying loess, and in other situations comprising redeposited loess eroded from the 
adjacent downlands. Along the eastern side of the Waipara basin Kowai Formation 
underlies the downlands (Figure 13). On these downlands Amberley soils are formed 
in the weathered conglomerates, Pahau soils in loess and clayey fan deposits overlying 
the weathered conglomerates, and Salix soils in clayey fan deposits along fan margins 
and adjacent floodplains that extend onto the Canterbury Gravels. The Salix soils have 
impeded drainage. Remnants of the Teviotdale Surface occur as a westward sloping 
terrace to the south of Stockgrove Road (Figure 7) and as an eastward sloping terrace 
on a knoll locally know as The Mound (Figure 10).  
 
Glenmark soils 
The description of the Glenmark soils in North Canterbury by Fox et al. (1964) places 
these soils along a dissected downland margin, whereas the area from which this soil 
name was taken in the 1950’s (New Zealand Soil Bureau, 1968) places these soils on a 
complex of fan surfaces extending from the downlands and hills on the north-western 
side of the Omihi Valley and Waipara Basin. Griffiths (1980) describes these soils as 
occurring on fans formed from colluvium derived from calcareous sandstone, marl, 
loess and greywacke gravels. These fan sediments are more probably alluvium. The 
term colluvium is retained for gravitational slope deposits whereas alluvium involves 
transport, sorting and deposition by water. The listed source rocks are typical of the 
upper part of the cover rock sequence, the Kowai and Mt Brown Formations and any 
associated loess cover. The greywacke gravels are derived from the Kowai Formation 
and are commonly weathered giving the rounded gravels a brown colour. This array 
of sediments can be observed in the small fans sourced from the north-western side 
of the lower Omihi Valley and from the Deans Hills to the north of the Waipara Basin.  
In North Canterbury the sediments contributing to the fans, gives these soils some 
regionally distinctive features reflected in the soil profiles and their chemistry. 
Fragments limestone and secondary deposits of calcium carbonate have been 
recorded in some of the soil profiles. A feature of these Glenmark soils is their 
variability resulting from sedimentary gradients typical of fans as well as the 
development of multilayered composite soil profiles with evidence of buried soils 
(Figure 40). In mapping these soils Griffiths (1978) recognized six soil mapping units; 
Glenmark sandy loam (G), sandy loam shallow phase (Gs), stony sandy loam (Gg), 
stony sand (G1), silt loam (G2), mottled silt loam (G2m). The symbols in brackets are 
those used on the soil map of the Waikari District.  
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Griffiths (1980 pages 76, 58, 59 and 66) has one detailed soil description with chemical 
and particle size analysis for a Glenmark stony sandy loam (Table 15). This soil profile 
is located on Waipara Downs Farm at the end of Bains Road. In the following soil 
description some of the terms have been changed from those used by Griffiths (1980) 
to fit with current conventions. The prefix numbers in the soil description indicate the 
number of layers of sediment in the profile. This is common in soils developed on 
alluvial fans where each successive layer of alluvium is only a few decimeters thick. 
Within this sequence there is also a buried soil indicated by a prefix lower case b.  
 
Two Glenmark soils were described from Waipara Downs Vineyard on Bains Road off 
Highway 7 (Tables 16 and 17). The soil profiles are from the southern end of the 
original planting of the vineyard and are only a few metres apart. Glenmark silty clay 
loam on gravelly clay (Waipara Downs 1, Figure 37) is on a slight ridge and the 
Glenmark slightly gravelly silt loam on slightly gravelly clay loam (Waipara Downs 2, 
Figure 38) is in a shallow channel. This ridge and channel microtopography is typical 
of fans.  These Glenmark soils are formed in clayey and gravelly alluvium overlying 
loess and older fan alluvium. The Glenmark profile (Waipara Downs 1) was sampled 
for chemical analysis. 
 
Glenmark slightly gravelly silt loam on slightly gravelly clay loam (Waipara Downs 2) 
occurs in a channel and at a slightly lower elevation than profile Waipara Downs 1. 
The soil profile is developed in slightly gravelly clayey alluvium to a depth of 90 cm 
overlying a buried soil developed in loess. In contrast to the Glenmark silty clay loam 
on gravelly clay (Waipara Downs 1), the loess (2bBw and 2bBwk horizons) is less clayey 
possibly because carbonate is still present in the 2bBwk horizon indicating less 
leaching and weathering. These horizons also have a vermiform fabric of fossil infilled 
burrows. 
 
A third soil profile from a field on the adjacent Maungatahi Farm has morphological 
features more typical of a Pahau soil formed in clayey sediments. This soil profile was 
also sampled for chemical analysis (Table 18). 
 
These three soil profiles illustrate some of the variability of the Glenmark soils from 
the lower middle and lateral margin of their respective fans. On the northern side of 
Bains Road there are small raised areas of an older surface projecting above the fan 
surface with Glenmark soils. These raised areas are remnants on an older dissected 
fan surface with Waipara soils formed in the loess cover.  With this exception, the fan 
sediments with their Glenmark soils bury this older loess mantled surface. In terrace 
edge exposures along the Waipara River, the loess has been observed forming a silty 
to clayey layer between the Canterbury and Teviotdale gravels. Webb (2004) prepared 
a soil map of part of the Waipara Downs Farm, an area dominated by Glenmark soils.  
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Table 15. Glenmark stony sandy loam (Griffiths, 1978). 
Site location NZTopo50 BV24 750333, Waipara Downs Farm, Waipara. Soil Bureau lab 
number 8539. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark  
greyish brown  
10YR3/2 
slightly gravelly 
with surface 
gravels 
friable  
0-15  coarse sandy 
loam 
weakly developed 
medium 
polyhedral 
not stated 
2A very dark  
greyish brown 
10YR3/2 
 friable  
15-28  coarse sandy 
loam 
weakly developed 
medium 
polyhedral 
not stated 
3C not stated gravels and 
stones 
loose  
28-43  (very little fine 
matrix) 
single grained not stated 
4bA very dark 
greyish brown 
10YR3/2 
 very firm 
(slightly hard) 
 
43-56  silt loam weakly developed 
fine polyhedral 
some worm casts 
not stated 
4bAB brown 
10YR4/3 
 very firm 
(slightly hard) 
 
56-66 dark greyish 
brown 
10YR3/2 
worm casts 
silt loam  massive not stated 
5bBwk yellowish brown 
10YR4/4 
slightly gravelly friable  filamentous lime 
deposits along 
root channels 
66-86  silt loam massive not stated 
6C(f) light olive 
brown 
2.5Y5/4 
 friable  
86-99 common  
strong brown  
7.5YR5/6 
mottles 
coarse sandy 
loam 
massive not stated 
7C(f) olive brown 
2.5Y4/4 
 firm  
on few 
strong brown 
7.5YR5/6 
mottles 
 
silt loam massive bottom of the 
hole 
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Soil chemistry: Soil Bureau lab number 8539 
Horizon Depth 
cm 
pH 
in water 
C 
% 
N 
% 
C/N 0.5M 
H2SO4 
P 
mg/100g 
CaCO3 
% 
A 0-15 7.5 2.8 0.27 10 46 2.1 
2A 18-25 7.9 1.6 0.18 9 37 3.2 
4bA 46-53 8.4 1.4 0.41 10 37 0.6 
5Bwk 66-76 8.5 0.7 0.10 7 25 0.1 
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A 0-15 13.8 free lime free lime free lime 0.83 0.68 0.12 
2A 18-25 12.3 free lime free lime free lime 0.61 0.39 0.08 
4bA 46-53 14.3 free lime free lime free lime 0.46 0.21 0.08 
5Bwk 66-76 12.3 15.7 (100) 15.2 0.20 0.17 0.09 
Not all of the soil horizons were sampled for chemical analysis. In the presence of calcium carbonate 
(free lime) the base saturation will exceed one hundred percent because of the presence of calcium 
ions released from calcium carbonate and other salts if present.  
 
Particle size of the fraction less than 2 mm as a percentage (Griffiths, 1980).  
Horizon Depth 
cm 
% clay 
<0.002 mm 
% silt 
0.002- 0.02 mm 
% fine sand 
0.02-0.2 mm 
% medium 
and coarse 
sand 
0.2-2 mm 
A 0-10 7 29 58 6 
2A 13-20 14 29 53 4 
3C 30-38 25 25 47 3 
4A/4AB 48-61 33 20 43 3 
5bBwk 76-84 29 17 59 5 
6C(f) 89-102 31 20 46 3 
7C(f) 107-117 26 25 45 4 
7C 119-132 30 24 42 3 
The particle size analysis is on an organic free basis, so the field texture of the A horizon was recorded 
as a coarse sandy loam but the less than 2 mm fraction on an organic free basis has a texture of loamy 
sand.  
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Table 16. Glenmark silty clay loam on gravelly clay. 
Site location NZTopo50 BV24 756333, Waipara Downs Vineyard. Soil code North 
Canterbury Waipara Downs 1. Figure 37. 
   
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A dark greyish 
brown 
10YR4/2 
 Weak 
semideformable 
moderately sticky 
moderately plastic 
 
0-23  silty clay loam strongly 
developed 
medium 
polyhedral and 
spheroidal 
abrupt 
 smooth 
AB dark greyish 
brown 
10YR4/2 
brown 
10YR5/3 
 firm 
brittle 
very sticky 
very plastic 
 
23-33  clay strongly 
developed 
medium prismatic 
and blocky 
distinct 
wavy 
Bt(g) greyish brown 
2.5Y5/2 
brown 
10YR5/3 
slightly and 
moderately 
gravelly 
firm 
brittle (dry) 
very sticky 
very plastic 
common 
continuous faint 
brown 10YR5/3 
clay cutans 
33-80 common fine 
and medium 
faint yellowish 
brown 10YR5/6 
mottles 
clay strongly 
developed 
medium prismatic 
and blocky 
distinct 
irregular 
2Bt(f) brown 
10YR5/3 
moderately to 
very gravelly 
firm 
brittle (dry) 
very sticky 
very plastic 
common 
discontinuous 
faint 
 brown 10YR5/3 
clay cutans  
80-110 few fine faint 
yellowish 
brown 
10YR5/6 
mottles 
clay massive abrupt 
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
3bBt(g) yellowish 
brown 
10YR5/4 
 strong 
brittle (dry) 
moderately sticky 
moderately plastic 
common 
discontinuous 
faint  
brown 10YR5/3 
clay cutans 
110-200 light brownish  
grey 2.5Y6/2 
 veins 
few fine faint 
yellowish 
brown 
10YR5/6 
mottles 
clay loam moderately 
developed 
medium blocky 
distinct 
wavy 
4bBt yellowish 
brown 
10YR5/4 
moderately to 
very gravelly 
firm 
brittle (dry) 
very sticky 
very plastic 
 
common 
continuous 
faint  
brown 10YR5/3 
clay cutans 
200-220 black 
N2/0 
few fine and 
medium distinct 
mottles 
clay massive distinct 
wavy 
5bBw yellowish 
brown 
10YR5/4 to 
10YR5/6 
 strong 
brittle (dry) 
moderately sticky 
moderately plastic 
 
220-255+  sandy clay loam massive bottom of the 
hole 
In this soil profile the A, AB and 2Bt(f) horizons are formed in alluvium to a depth of 110 cm. The 3bBt(g) 
horizon is interpreted as forming in loess and the 5bBw horizon may also be formed in loess with a thin 
inter bed of gravelly clay 4bBt horizon between these horizons. 
 
Soil chemistry: North Canterbury Waipara Downs 1 
 Horizon Depth 
cm 
pH 
in 
water 
pH 
in KCl 
C 
% 
S-SO4 
g/g 
Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
Ah 0-10 5.7 4.4 2.5 - 641 182 459 
Ah 10-23 5.9 4.4 2.3 0.70 607 117 491 
AB 23-33 6.4 4.0 0.4 0.23 216 43 174 
Bt(g) 33-50 6.7 4.2 0.3 - - - - 
Bt(g) 55-80 7.8 5.1 0.1 2.86 66 23 44 
2Bt(f) 80-100 8.1 5.5 trace 5.63 226 202 24 
2Bt(f)/3bBt(g) 
100-
120 
7.6 4.8 
trace 4.00 291 255 37 
3bBt(g) 
120-
140 
6.7 3.9 
trace 5.61 339 287 52 
3bBt(g) 
140-
160 
6.7 3.9 
trace 2.90 360 347 13 
3bBt(g) 
160-
180 
6.8 4.0 
trace 3.11 382 325 57 
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 Horizon Depth 
cm 
pH 
in 
water 
pH 
in KCl 
C 
% 
S-SO4 
g/g 
Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
3bBt(g)/4bBt 
180-
220 
6.3 3.6 
trace - 364 301 64 
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Ah 0-10 11.1 10.8 97 8.4 1.6 0.3 0.5 
Ah 10-23 11.3 10.5 93 8.4 1.6 0.2 0.3 
AB 23-33 11.8 11.4 97 8.2 2.6 0.2 0.5 
Bt(g) 33-50 15.8 14.2 90 9.7 3.3 0.3 0.9 
Bt(g) 55-80 15.6 15.3 98 9.8 3.2 0.4 1.9 
2Bt(g) 80-100 14.3 14.0 98 8.7 2.8 0.4 0.2 
2Bt(f)/3bBg 100-120 14.1 15.2 (100) 8.8 3.2 0.4 0.9 
3bBt(g) 120-140 12.7 13.2 (100) 7.4 2.7 0.4 0.8 
3bBt(g) 140-160 12.7 14.9 (100) 9.4 2.6 0.3 0.5 
3bBt(g) 160-180 12.0 12.1 (100) 6.8 2.4 0.3 0.5 
3bBt(g)/4Bt 180-220 11.3 9.9 87 5.4 2.3 0.3 2.0 
The soil chemistry has a number of unusual features. The base saturation values in many of the horizons 
were close to or greater than a hundred percent. The sulphate sulphur values remain high in the subsoil, 
as do the exchangeable calcium, magnesium, potassium and sodium levels. All of this leads to the 
conclusion that there may be soluble salts in this profile. 
 
     
Figure 37. Glenmark silty clay loam on gravelly clay, Waipara Downs Vineyard, 
Waipara. Soil code North Canterbury Waipara Downs 1. (Photo by Philip Tonkin). 
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Table 17. Glenmark slightly gravelly silt loam on slightly gravelly clay loam. 
Site location NZTopo50 BV24 757335, Waipara Downs Vineyard, Waipara. Soil code 
North Canterbury Waipara Downs 2. Figure 38. 
  
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
slightly gravelly friable 
brittle 
slightly sticky 
slightly plastic 
 
0-20  silt loam strongly 
developed 
medium and fine 
blocky and 
spheroidal 
distinct 
wavy 
AB very dark 
greyish brown 
10YR3/2 
greyish brown 
2.5Y5/2 
slightly gravelly firm 
brittle (dry) 
moderately sticky 
moderately 
plastic 
 
20-38  clay loam strongly 
developed 
medium blocky 
and spheroidal 
indistinct  
irregular 
Bt(f) light yellowish 
brown 
2.5Y6/3 
slightly gravelly firm 
brittle (dry) 
moderately sticky 
moderately 
plastic 
common 
discontinuous 
faint 
brown 10YR5/3 
 clay cutans 
38-60 common fine 
faint and 
distinct 
yellowish brown 
10YR5/6 
mottles 
clay loam strongly 
developed coarse 
to very coarse 
prismatic and 
blocky 
indistinct 
irregular 
Bt brown 
10YR5/3 
light yellowish 
brown 
10YR6/4 
slightly gravelly firm 
brittle (dry) 
moderately sticky 
moderately 
plastic 
common 
discontinuous 
faint  
brown 10YR5/3 
clay cutans 
60-90  clay loam strongly 
developed coarse 
to very coarse 
prismatic 
distinct 
smooth 
2bBw brownish yellow 
10YR6/6 
to yellowish 
brown 
10YR 5/6 
 firm 
brittle (dry) 
slightly sticky 
moderately 
plastic 
 
90-155  silty clay loam massive 
vermiform fabric 
distinct 
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2bBwk yellowish brown 
10YR5/4 
 firm 
brittle (dry) 
slightly sticky 
slightly plastic 
light grey 
2.5Y7/2 
calcium carbonate 
pore linings 
155-225+  silt loam massive 
vermiform fabric 
bottom of the 
hole 
 
 
 
 
Figure 38. Glenmark slightly gravelly silt loam on slightly gravelly clay loam, Waipara 
Downs Vineyard, Waipara. Soil code North Canterbury Waipara Downs 2. (Photo by 
Philip Tonkin). 
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Table 18. Glenmark (Pahau?) clay loam on clay. 
Site location NZTopo50 BV24 767334, Maungatahi Farm, Bains Road. Soil code North 
Canterbury Maungatahi 2. Figure 39. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 firm 
brittle (dry) 
moderately sticky 
moderately plastic 
 
0-20  clay loam strongly 
developed 
medium and fine 
polyhedral 
indistinct 
wavy 
AB(f) pale brown 
10YR6/3 
very dark 
greyish brown 
10YR3/2 
 firm 
brittle (dry) 
very sticky 
very plastic 
 
20-35 few fine distinct 
very dark brown 
7.5YR2/3 
strong brown 
7.5YR4/6 
mottles 
clay strongly 
developed 
medium blocky 
indistinct 
irregular 
Bt(f) brown 
10YR5/3 
slightly gravelly firm 
brittle (dry) 
very sticky 
very plastic 
common patchy 
faint 
yellowish brown 
10YR5/4 
clay cutans 
35-80 few to many 
fine distinct 
dark yellowish 
brown 10YR4/6 
mottles 
clay moderately 
developed coarse 
prismatic 
distinct 
smooth 
2bBw light olive 
brown 
2.5Y5/4 
 strong 
brittle (dry) 
moderately sticky 
moderately plastic 
 
80-100  clay loam massive 
(vermiform fabric) 
indistinct 
irregular 
2bBwk1 light olive 
brown 
2.5Y5/4 
 strong 
brittle (dry) 
moderately sticky 
moderately plastic 
white 5YR8/1 
calcium 
carbonate on 
prism faces 
100-140  clay loam moderately 
developed 
 very coarse 
prismatic 
(vermiform fabric) 
distinct 
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2bBwk2 yellowish brown 
10YR5/4 
 strong 
brittle (dry) 
moderately sticky 
moderately plastic 
white 5Y8/1  
calcium 
carbonate on 
prism faces  
140-160  clay loam moderately 
developed very 
coarse prismatic 
(vermiform fabric) 
indistinct 
irregular 
3bBtk(f) yellowish brown 
10YR5/4 
 
 strong 
brittle 
moderately sticky 
moderately plastic 
many 
discontinuous 
faint light olive 
grey 5Y6/2  
clay cutans 
white 5YR8/1  
calcium 
carbonate on 
prism faces 
160-180 many medium 
to coarse  
distinct  
light yellowish 
brown 2.5Y6/4  
mottles 
clay loam moderately 
developed coarse 
prismatic  
distinct 
wavy 
3bBt(f) yellowish brown 
10YR5/4 
 
 firm 
brittle (dry) 
very sticky 
very plastic 
many 
continuous 
prominent light 
olive grey 5Y6/2 
clay cutans 
180-210 many medium 
and coarse 
distinct light 
yellowish brown 
2.5Y6/4 
mottles 
clay strongly 
developed 
medium prismatic 
and blocky 
distinct 
wavy 
4bBr light grey 
2.5Y7/2 
 weak 
semideformable 
non sticky 
slightly plastic 
 
210-230+ many coarse 
prominent 
yellowish brown 
10YR5/6 
and dark brown 
10YR2/3 
mottles 
 
fine sandy loam massive bottom of the 
hole 
 
This site is located on the south side of Bains Road and was in pasture. It is on the 
alluvial fan margin where fine textured alluvium overlies loess. This profile illustrates 
the soil variability where the alluvial sediments become more clayey and thin toward 
the fan margins. This profile has features that are typical of Pahau soils. The A, AB(f) 
and Bt(f) horizons are formed in clayey alluvium. The 2bBw, 2bBwk, 3bBt(f)k and 
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3bBt(f) horizons are interpreted as forming in loess. These horizons also have a 
vermiform fabric of fossil infilled burrows. There is insufficient morphological 
distinction to determine if there are one or two buried soils in this profile. The total 
thickness of the clayey loess is 110 cm, a common thickness observed elsewhere. This 
Glenmark (Pahau?) soil profile has secondary accumulations of calcium carbonate in 
subsoil horizons and this is indicated by the subscript k. These accumulations show as 
vertical white streaks below 1.3 m in the photo (Figure 39). 
 
Soil chemistry: North Canterbury Maungatahi 2 
Horizon Depth 
cm 
pH 
in water 
pH 
in KCl 
C 
% 
S-SO4 
g/g 
Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-10 5.7 4.5 3.4 0.8 742 279 464 
A 10-20 5.8 4.3 2.3 0.1 622 285 337 
AB(f) 20-35 6.1 4.2 0.8 - 577 261 316 
Bt(f) 35-55 7.1 4.4 0.2 - 325 251 74 
Bt(f) 55-80 7.7 4.9 0.1 - 277 242 35 
2bBw 80-100 8.0 5.4 trace 0.1 335 315 20 
2bBwk1 100-120 8.6 6.8 trace 0.0 384 368 16 
2bBwk1 120-140 8.6 6.8 trace 0.4 394 358 36 
2bBwk2 140-160 8.4 6.2 trace 3.0 404 390 14 
3bBtk(f) 160-180 8.4 6.1 0.2 3.8 420 388 32 
3bBt(f) 180-210 8.3 6.0 0.2 5.1 422 362 60 
4bBr 210-230 8.3 6.0 0.1 4.5 310 290 20 
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A 0-10 15.8 16.5 (100) 12.2 2.7 1.3 0.3 
A 10-20 14.9 14.2 95 10.8 2.3 0.7 0.3 
AB(f) 20-35 11.4 9.6 84 7.1 1.8 0.3 0.4 
Bt(f) 35-55 13.3 12.8 96 9.1 2.5 0.3 0.9 
Bt(f) 55-80 16.9 17.2 (100) 12.1 2.9 0.5 1.7 
2bBw 80-100 17.8 17.4 97 12.0 2.8 0.5 2.1 
2bBwk1 100-120 15.4 16.5 (100) 11.8 2.1 0.5 2.1 
2bBwk1 120-140 12.8 14.6 (100) 9.6 2.1 0.7 2.2 
2bBwk2 140-160 17.6 18.6 (100) 12.0 3.1 0.6 2.9 
3bBtk(f) 160-180 20.5 21.2 (100) 14.0 3.4 0.7 3.2 
3bBt(f) 180-210 28.9 28.5 98 18.4 5.2 0.8 4.1 
4bBr 210-230 15.6 14.7 94 9.5 2.5 0.5 2.2 
The chemistry of this soil profile has a number of unusual features. The base saturation values in many 
of the horizons were close to or greater than a hundred percent. In the presence of calcium carbonate 
(free lime) the base saturation will exceed one hundred percent because of the presence of calcium 
ions released from calcium carbonate and other salts if present. The sulphate sulphur values remain 
high in the subsoil, as do the exchangeable calcium, magnesium, potassium and sodium levels.  All of 
this leads to the possibility that there may be soluble salts in this profile.  
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Figure 39. Glenmark clay loam on slightly gravelly clay, Maungatahi Farm, Bains Road, 
Waipara. Soil code North Canterbury Maungatahi 2. (Photo by Philip Tonkin). 
 
 
The multilayered nature of the fans on which the Glenmark soils are mapped is 
illustrated by an exposure in a gully further up on a fan on the Waipara Downs Farm 
(Figure 40). In this exposure there is a succession of three alluvial cycles of clayey 
alluvium each with a basal layer of gravelly clay loam. The three alluvial layers total 
two to three metres in thickness and in turn overly a clay loam horizon (6b4Bw) with 
infilled fossil burrows (vermiform fabric). This horizon was identified as loess. The 
accumulation of secondary calcium carbonate in this loess horizon may be a ground 
water effect and not related to soil processes. Buried soils are indicated by the prefix 
lower case b. 
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Figure 40. Soil stratigraphy of a gully exposure showing a veneer of recent fan 
sediments on older fan sediments with the features of Glenmark soils on Waipara 
Downs, Bains Road Waipara (Location NZTopo50 BV24 750332). The scale tape 
straddles buried soils developed in clay loams or clays overlying basal gravelly layers. 
Below the tape a buried soil is formed in loess - 6b4Bw horizon, with secondary 
accumulations of calcium carbonate – the 6b4Bkm horizon. (Photo by Philip Tonkin). 
 
The Glenmark soils include Typic Argillic Pallic Soils, Mottled Argillic Pallic Soils and 
Mottled-argillic Orthic Melanic Soils (Hewitt, 2010) and should be separated into two 
or more families. The feature of these soils is their textural variability with intermittent 
layers of more stony clay loams and clay occurring throughout the soil profiles. Soil 
profiles with mottled clay loam or clay Bt(f) or Btg (argillic) horizons would be classified 
as Mottled Argillic Pallic Soils. These soil profiles are like Pahau soils.  The soil pattern 
on some of these fans is a complex of Glenmark, Pahau or some as yet un-named soil, 
with the finer textured soils occurring around the imperfectly drained fan margins. 
The Glenmark soil (Maungatahi 2) has a calcic horizon below the arbitrary 90 cm depth 
limit. The presence of a calcic horizon could be significant to deeply rooting grape 
vines. Extending this depth limit would classify this soil as a Pedal-calcareous Orthic 
Melanic Soil. 
 
In the S-mapOnline revision of the soils of North Canterbury it is proposed to include 
soils previously mapped as Glenmark soils in the soil surveys of the former Kowai 
County (Fox et al., 1964) and of the Waikari District (Griffiths, 1978, 1980) as siblings 
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in the Mayfield soil family. The Soils of the Downs and Plains of Canterbury and North 
Otago (Kear et al., 1967), states that the Mayfield soils are formed in alluvial sediments 
derived from the greywacke ranges of Canterbury. These soils are mapped on fan 
surfaces on either side of the Ashburton River, near Methven in central Canterbury. 
The Glenmark soils in the Waipara region of North Canterbury are formed on fan 
sediments derived from both the weathered conglomerates and sandstones of the 
Kowai Formation and in part from the brown sandstones and sandy limestones of the 
underlying Mt Brown Formation. This combination of sediments together with 
contributions of clayey loess, and secondary calcium carbonate give the Glenmark 
soils features that distinguish them from the Mayfield soils of central Canterbury. 
 
Amberley, Pahau and Salix Soils 
Along the south-eastern margin of the Waipara Basin fans extend out from the lower 
slopes of the Cass Anticline. The soils are formed in the weathered gravelly and clayey 
sediments eroded from the Kowai Formation together with patchy remnants of loess 
and redeposited loess eroded from the surface of the downlands. The lower slopes of 
the downlands, together with remnants of the Teviotdale terrace, and the associated 
fan apron have a toposequence of Amberley, Pahau and Salix soils (Figure 41).  
Amberley soils have A horizons formed in a thin veneer, generally less that 20 cm of 
clayey loess or mixed loess and colluvium overlying subsoil horizons formed in the 
weathered conglomerates and sandstones of the Kowai Formation. Detailed soil 
descriptions and soil chemistry for the Amberley soils are not included in this report. 
Pahau soils have at least 60 cm of the profile, A and Bt horizons developed in non-
calcareous loess or mixed loess and alluvium derived from fine sediments.  They have 
compact mottled subsoils indicating impeded drainage. The lower soil horizons are 
developed in the underlying weathered conglomerates and sandstones of the Kowai 
Formation. Salix soils occur in lower slope positions and have a higher clay content but 
in other respects share features in common with Pahau soils in that the A and Bt 
horizons are formed in loess or loess derived alluvium. This sequence of soils has been 
mapped on the Camshorn Vineyard north-east of Amberley (Figure 13) (Webb, 2002).  
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Figure 41.  Amberley, Pahau and Salix soils from Camshorn Vineyard, Waipara. (Photos 
by Trevor Webb). 
 
Pahau soils 
The Pahau soils were recognized and mapped during a soil survey for the Waiau Plains 
irrigation scheme in North Canterbury. Formal definition of these soils is yet to be 
published. This scheme was implemented on the Amuri Plain in late 1970’s and early 
1980’s. These soils occur on an older fan surface south and north-west of the Pahau 
River. Pahau soils are developed in approximately 60 cm of fine textured loess or 
overbank deposits overlying stony alluvium. In the Waipara Valley they occur on the 
remnants of the loess mantled Teviotdale Surface as well as portions of the adjacent 
downland mid to footslopes and fans. They are developed in loess, redeposited loess 
and alluvium overlying Kowai Formation conglomerates and sandstones. A distinctive 
feature of these soils is their argillic subsoil (Btg horizon) with clay cutans and mottling 
indicating imperfect drainage. Domett soils originally named in the General survey of 
the Soils of the South Island (New Zealand Soil Bureau, 1968) and in soil survey of 
Kowai County (Fox et al., 1964) are now renamed Pahau soils (Webb personal 
communication 2010). 
  
Pahau silt loam on clay loam was described and sampled from a former Ministry of 
Agriculture and Fisheries trial site on Rosewood Farm, Plantation Road south of the 
Pahau River on the Amuri Plain (Table 19). This Pahau soil was included in a New 
Zealand Society of Soil Science 1984 Conference guide compiled and edited by T.H. 
Webb, on the Waiau Irrigation Scheme. 
 
Pahau soils comparable to those mapped on the Amuri Plain occur on the Teviotdale 
surface south of the Waipara River and on the downland margin and lower fan like 
slopes on the western side of the Cass Anticline north-east of Amberley. Webb (2002) 
mapped Pahau soils on the Camshorn Vineyard north of Amberley. In this location the 
geology of the Cass Anticline comprises the dense, close packed, weathered 
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conglomerates and interbedded sandstones of the Kowai Formation. These sediments 
underlie the drape of loess and fan sediments in which the Pahau soils are developed 
(Figure 13). Consequently these Pahau soils may differ with respect of their deeper 
soil horizons when compared with the Pahau soils formed on less weathered 
greywacke derived fan alluvium of the Amuri Plain.  
 
Table 19. Pahau silt loam on clay loam. 
Site location NZtopo50 BU24 808 621, Rosewood Farm, Plantation Road, Amuri Plain, 
North Canterbury. Soil Bureau lab number 9921. 
   
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark  
greyish brown  
10YR3/2 
 firm 
brittle 
slightly sticky 
slightly plastic 
 
0-18  silt loam weakly developed 
fine polyhedral 
tending to 
massive 
distinct 
smooth 
Bg light olive 
brown 
2.5Y5/4 
 firm  
brittle 
slightly sticky very 
plastic 
 
18-31 common 
medium distinct 
yellowish brown 
10YR5/6 
mottles 
silt loam weakly developed 
fine polyhedral 
distinct 
wavy 
Btg yellowish brown 
to brown 
10YR5/5 to 4/3 
 hard  
brittle 
moderately sticky 
very plastic 
many prominent 
continuous 
clay cutans 
31-45 common 
medium distinct  
strong brown 
7.5YR5/6 
mottles 
silty clay loam weakly developed 
coarse blocky 
tending to 
massive 
indistinct 
smooth 
Bt yellowish brown 
10YR5/5 
 very firm  
brittle 
slightly sticky 
moderately 
plastic 
common 
continuous 
prominent  
clay cutans 
45-67  clay loam weakly developed 
coarse prismatic 
distinct smooth 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2Bg yellowish brown 
10YR6/5 
 weak 
 brittle 
non sticky 
moderately 
plastic 
few discontinuous  
distinct 
dark yellowish 
brown 10YR4/4 
clay cutans 
67-87 many fine 
distinct  
yellowish brown  
10YR5/6 
mottles 
sandy loam massive indistinct  
smooth 
3Btg yellowish brown  
10YR5/5 
 very firm brittle 
non sticky  
moderately 
plastic 
few discontinuous 
distinct 
dark yellowish 
brown 10YR3/4 
clay cutans 
87-135 many fine 
distinct 
10YR5/4 
yellowish brown 
mottles 
silt loam massive indistinct 
smooth 
4Bw dark yellowish 
brown 
10YR4/4 
 firm 
slightly sticky 
moderately 
plastic 
few patchy faint 
dark yellowish 
brown 10YR3/4 
clay cutans 
135-155 few fine faint 
yellowish brown 
10YR3/4 
mottles 
sandy loam massive distinct 
smooth 
5Bw dark yellowish 
brown 
10YR4/4 
moderately 
stony 
gravelly 
very firm 
non sticky 
non plastic 
few patchy faint 
clay cutans 
 
 
155-160  sandy loam massive indistinct 
smooth 
6C dark brown 
10YR3/3 
very stony 
gravelly 
weak  
160-170  coarse sand single grained distinct 
smooth 
7C brown to dark 
brown 
10YR4/3 – 3/3 
very stony 
gravelly 
weak  
170-210  sandy loam single grained bottom of the 
hole 
The stones and gravels in the 5Bw, 6C and 7C are formed of subrounded weakly weathered greywacke 
sandstone. 
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Soil chemistry: Soil Bureau Lab number 9921 
Horizon Depth 
cm 
pH  
in water 
pH 
in KCl 
C 
% 
N 
% 
C/N CaCO3 
% 
A 0-18 6.1 5.0 2.6 0.22 12  
Bg 18-31 6.0 4.5 1.1 0.09 12  
Btg 31-45 6.3 4.3 0.4 0.04 10  
Bt 45-67 6.8 4.3 0.2 0.02 10 trace 
2Bg 67-87 7.1 4.4 0.2 0.02 10 trace 
3Btg 67-135 7.2 4.6 0.2 0.02 10 trace 
4Bw 135-155 7.3 4.6 0.2 0.02 10 trace 
5Bw 155-160 7.3 4.6 0.2 0.01 20 trace 
6C 160-190 7.1 4.4 0.1 0.01 10 trace 
7C 190-210 7.1 4.5 0.2 0.01 20 trace 
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A 0-18 15.5 11.4 74 9.6 1.36 0.31 0.17 
Bg 18-31 10.5 7.0 67 5.5 1.10 0.15 0.25 
Btg 31-45 15.1 14.7 97 10.3 3.94 0.15 0.31 
Bt 45-67 15.8 18.9 (100) 13.1 5.10 0.14 0.52 
2Bg 67-87 13.1 15.1 (100) 10.0 4.40 0.06 0.60 
3Btg 67-135 14.5 18.4 (100) 12.0 5.32 0.12 1.00 
4Bw 135-155 12.3 14.9 (100) 9.7 4.50 0.09 0.59 
5Bw 155-160 11.6 14.5 (100) 9.4 4.45 0.09 0.56 
6C 160-190 9.6 11.8 (100) 7.5 3.72 0.08 0.49 
7C 190-210 10.5 13.0 (100) 8.2 4.17 0.08 0.50 
 
Horizon Depth 
cm 
Phosphate 
extractable 
Sulphate 
g/g 
Phosphate 
retention 
% 
0.5 M  
H2SO4 
P 
mg/100
g 
Inorganic 
P 
mg/100g 
Organic 
P 
mg/100g 
Total 
P 
mg/100g 
A 0-18 6 21 36 36 47 83 
Bg 18-31 10 25 33 34 28 62 
Btg 31-45 9 23 24 24 16 40 
Bt 45-67 5 16 33 35 7 42 
2Bg 67-87 4 11 29 29 6 35 
3Btg 67-135 3 13 38 38 7 45 
4Bw 135-155 4 9 46 46 4 50 
5Bw 155-160 2 7 55 57 3 60 
6C 160-190 3 7 61 61 2 63 
7C 190-210 3 9 55 55 4 59 
In the presence of calcium carbonate (free lime) the base saturation will exceed one hundred percent 
because of the presence of calcium ions released from calcium carbonate and other salts if present.  
 
 
Pahau silt loam on fine sandy loam on stony sandy loam (Figure 42) occupies 
depressions and shallow drainage lines on the downland to fan margin on Camshorn 
Vineyard. This soil is distinguished by the mottled sandy loam textured argillic Bt(g) 
horizon with clay cutans indicating slow permeability and imperfect drainage. In this 
respect the Pahau soil (Figure 42) is similar to the Salix soils that occur on the 
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footslopes and adjacent floodplain along the eastern margin of the Canterbury 
Surface.  Other Pahau soils have clay loam textured (Btg) horizons with clay cutans in 
the upper 50 to 80 centimetres of their profiles, mottling in the subsoil indicating 
imperfect drainage and slow permeability, and overlie compact to dense weathered 
clay cemented stony or gravelly conglomerates and sandstones of the Kowai 
Formation at depths that can vary from 60 cm to more than a metre.  
 
 
Figure 42. Pahau silt loam on fine sandy loam on stony sandy loam pit 14 excavated 
during the soil survey of Camshorn Vineyard Waipara. The scale is in 10 cm intervals. 
(Photo by Trevor Webb). 
 
In 2014 a Pahau silt loam on clay loam and sandy clay loam from a mid fan site was 
excavated and described on the Camshorn Vineyard as part of a field trip illustrating 
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the diversity of soils in vineyards along the eastern side of the Waipara Basin (Table 
20). The Pahau soils are classified as Mottled Argillic Pallic Soils (Hewitt, 2010). 
 
Table 20. Pahau silt loam on clay loam and sandy clay loam. 
Site location NZTopo50 BV24 791269, Camshorn Vineyard, Waipara. Soil code Cm Pa 
1. Figure 43. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
very few 
unweathered 
rounded fine 
greywacke 
gravels 
hard (dry)  
brittle 
slightly sticky 
moderately 
plastic 
 
0-26 very few  
very fine 
 black 10YR2/1 
concretions 
silt loam strongly 
developed 
coarse and 
medium blocky 
distinct 
smooth 
Btg1 light grey 
2.5Y7/2 
with greyish 
brown 2.5Y5/2 
ped faces 
 hard (dry) 
brittle 
moderately sticky 
moderately 
plastic 
few 
discontinuous 
brown 
7.5YR4/2 
clay cutans 
26-77 many very fine 
yellowish brown 
10YR5/6 - 6/6 
mottles 
clay loam strongly 
developed very 
coarse prismatic 
and blocky 
diffuse 
smooth 
Btg2 pale olive5Y6/3 
and olive 5Y4/4 
 hard (dry) 
brittle 
slightly sticky 
moderately 
plastic 
few discontinuous 
reddish grey 
5YR5/2  
clay cutans 
77-130 common very 
fine faint 
strong brown 
7.5YR5/8 
mottles 
sandy clay loam weakly 
developed coarse 
blocky to massive 
distinct 
wavy 
2C olive 
5Y4/3 
 loose 2C 
130-153  loamy coarse 
sand 
single grained distinct 
wavy 
3C olive grey 
5Y5/2 and olive 
5Y5/3 
and light 
brownish grey 
2.5Y6/2 lens 
very few 
subrounded 
weathered 
greywacke 
gravels 
compact  
close packed  
firm  
slightly sticky 
non plastic 
 
153-170  loamy coarse 
sand with some 
clay bridging of 
sand grains 
 
single grained 
with clay bridging 
bottom of the 
hole 
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Soil chemistry: Hill Laboratories Lab number 132665 
Horizon Depth 
cm 
pH 
1:2 in 
water 
Phosphate 
extractable 
S-SO4 
mg/kg 
Olsen 
Phosphorus 
mg/L 
A 0-10 6.0 8 25 
A 10-20 5.8 6 11 
A 20-30 6.1 12 7 
Btg1 30-40 6.0 20 7 
Btg1 40-50 6.0 24 5 
Btg1 50-60 5.5 32 12 
Btg1 60-70 5.2 33 28 
Btg1 70-80 5.2 29 23 
Btg2 80-90 5.0 28 25 
Btg2 90-100 5.1 19 22 
Btg2 100-110 5.1 11 19 
Btg2 120-130 5.3 7 15 
2C 140-150 5.7 5 12 
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A 0-10 11 74 7.7 3.1 0.6 0.3 
A 10-20 19 67 6.8 2.5 0.2 0.4 
A 20-30 16 75 2.6 2.7 0.2 0.6 
Btg1 30-40 14 74 3.1 3.1 0.2 0.9 
Btg1 40-50 14 77 3.9 3.9 0.2 1.4 
Btg1 50-60 20 74 4.1 4.1 0.2 1.8 
Btg1 60-70 17 66 4.4 3.2 0.2 1.9 
Btg1 70-80 15 61 4.0 3.0 0.2 2.0 
Btg2 80-90 16 62 4.0 3.0 0.2 2.1 
Btg2 90-100 16 64 3.9 2.8 0.2 1.7 
Btg2 100-110 15 64 4.2 3.1 0.2 1.9 
Btg2 120-130 14 60 2.7 1.9 0.1 1.2 
2C 140-150 13 64 3.4 2.3 0.1 1.3 
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Figure 43. Pahau silt loam on clay loam and sandy clay loam (Cm Pa 1), Camshorn 
Vineyard, Waipara.  
 
 
Salix soils 
South of the Waipara River, Salix soils are developed in clayey textured sediments 
extending from the toes of fans to merge with floodplains along the base of the 
adjacent downlands. The Salix soils extend from along the downland margin east of 
the main highway to the eastern gorge of Waipara River. This includes part of Pegasus 
Bay Vineyard at the eastern end of Stockgrove Road. These are areas of imperfect 
drainage and occasional flooding. 
  
The Salix soils were first described and mapped during the soil survey for the Waiau 
Plains irrigation scheme in the Amuri Basin, North Canterbury. In the Waipara Basin 
Salix soils have imperfect drainage due to low permeability of clay loam or clay 
textured subsoils. In the soil survey of Kowai County (Fox et al., 1964) and the General 
Survey of the Soils of the South Island (New Zealand Soil Bureau, 1968) some Salix soils 
would have been mapped as Temuka soils. The following Salix soil (Table 21) was 
described and sampled during the soil survey for the Waiau Plains Irrigation Scheme. 
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Table 21. Salix soil silt loam on silty clay loam. 
Site location NZTopo50 BU24 866 630. Soil Bureau lab number 10096. 
    
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A dark greyish 
brown 
10YR4/2 
 weak 
semi-deformable 
slightly sticky 
moderately 
plastic 
 
0-21 few fine 
yellowish brown 
10YR5/6 
concretions 
silt loam moderately 
developed 
medium 
polyhedral and 
weakly developed 
fine blocky 
indistinct 
smooth 
A/Bg dark greyish 
brown  
10YR 4/2 to 
light olive brown 
2.5Y5/3 
few angular 
gravels at the 
base of the 
horizon 
weak  
semi-deformable 
moderately sticky 
moderately 
plastic 
 
21-35 few fine distinct 
strong brown 
7.5YR4/6 
mottles 
and common 
fine yellowish 
brown 
10YR5/6 
concretions 
silt loam moderately 
developed fine  
and very fine 
polyhedral 
sharp  
wavy 
Btg1 pale olive 
5Y6/3 
 firm 
semi-deformable 
moderately sticky 
very plastic 
common faint 
continuous  
greyish brown 
2.5Y5/2 
clay cutans 
35-58 many fine 
distinct 
yellowish brown 
10YR 5/4 – 5/6 
mottles 
silty clay loam weakly developed 
coarse platy 
grading to coarse 
blocky 
distinct 
smooth 
Btg2 light olive grey 
5Y6/2 
 very firm 
semi-deformable 
moderately sticky 
very plastic 
common faint 
continuous 
greyish brown 
2.5Y5/2 
clay cutans 
58-75 common fine 
distinct  
yellowish brown 
10YR5/6 
mottles 
silty clay weakly developed 
coarse platy and 
moderately 
developed coarse 
blocky 
indistinct 
smooth 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
Btg3 light olive grey 
5Y6/2 to  
greenish grey 
5GY6/1 
 very firm 
deformable 
moderately sticky 
very plastic 
common faint 
continuous  
greenish grey 
5GY6/1  
clay cutans 
75-95 many fine 
distinct  
yellowish brown 
10YR5/6 to 
strong brown 
7.5YR5/6 
mottles 
silty clay loam weakly developed 
very coarse platy 
and coarse blocky 
indistinct 
smooth 
Btg(x) olive grey 
5Y6/2 
and yellowish 
brown  
10YR5/4 
 firm 
semi-deformable 
moderately sticky 
moderately 
plastic 
common distinct 
continuous 
greenish grey 
5BG6/1 to light 
brownish grey 
2.5Y6/2 
clay cutans 
95-150 many medium 
distinct to 
prominent 
yellowish brown 
10YR5/6 and 
strong brown 
7.5YR5/6  
mottles 
silty clay loam strongly 
developed coarse 
prismatic 
indistinct 
smooth 
Cxg light olive grey 
2.5Y6/2 and 
yellowish brown 
10YR5/4 
 not recorded  
150-200 many medium 
distinct to 
prominent 
yellowish brown 
10YR5/6 
and strong 
brown 
7.5YR5/6 
mottles 
silt loam not recorded not recorded 
2Cg not recorded stony not recorded  
200-220+ not recorded silt loam not recorded bottom of the 
hole 
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Soil chemistry: Soil Bureau lab number 10096 
Horizon Depth 
cm 
pH  
in water 
pH  
in KCl 
C 
% 
N 
% 
C/N CaCO3 
% 
A 0-21 6.3 5.5 2.2 0.20 11 - 
A/Bg 21-35 6.2 4.9 1.0 0.18 11 - 
Btg1 35-58 7.1 4.8 0.36 0.09 - - 
Btg2 58-75 7.9 5.6 0.19 0.04 - - 
Btg3 75-95 8.3 6.2 0.18 0.03 - - 
Btg(x) 95-150 8.4 6.1 0.13 0.02 - - 
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A 0-21 14.3 15.2 (100) 13.2 1.47 0.29 0.20 
A/Bg 21-35 11.9 10.7 90 8.3 2.05 0.14 0.21 
Btg1 35-58 20.9 25.9 (100) 16.8 8.14 0.22 0.69 
Btg2 58-75 23.4 32.8 (100) 20.9 10.4 0.22 1.3 
Btg3 75-95 24.0 35.2 (100) 22.7 10.5 0.21 1.8 
Btg(x) 95-150 16.1 23.6 (100) 15.3 6.73 0.18 1.4 
 
Horizon Depth 
cm 
Phosphate 
extractable 
sulphate 
g/g 
Phosphate 
retention 
% 
 
0.5 M 
H2SO4 
P 
mg/100g 
Inorganic 
P 
mg/100g 
Organic 
P 
mg/100g 
Total 
P 
mg/100g 
A 0-21 7 18 70 74 39 113 
A/Bg 21-35 5 20 66 72 26 98 
Btg1 35-58 7 23 47 54 10 64 
Btg2 58-75 11 20 41 47 3 50 
Btg3 75-95 13 21 47 54 4 58 
Btg(x) 95-150 9 14 59 65 2 67 
 
The soil pH values (in water) become moderately alkaline with soil depth. This 
indicates either presence of soluble salts or calcium carbonate. The pH, exchangeable 
calcium and sodium values indicate that soluble salts such as calcium sulphate may be 
present in the B horizons. No analyses for calcium carbonate are recorded but this 
should also be checked. 
 
Salix soils were mapped on Pegasus Bay Vineyard (Almond, et al., 2008) and Camshorn 
Vineyard (Webb, 2002) south of the Waipara River. These soils are developed in 
floodplain sediments overlying the Canterbury Surface, along the margins of the 
downlands and their associated fans. On Pegasus Bay Vineyard an area known as the 
Airstrip block was mapped. Most of the area comprised two dominant soils, Salix silty 
clay over gravel (Table 22, Figure 44) and Salix silty clay over silty clay (Table 23, Figure 
45). The latter had evidence of a buried soil at a depth of about 60 cm. Both soils had 
imperfect drainage with low permeability silty clay subsoils.  
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Table 22. Salix silt loam on silty clay over gravel.   
Site location NZTopo50 BV24 814 293, Pegasus Bay Vineyard, Stockgrove Road, 
Waipara, North Canterbury. Soil code North Canterbury Pegasus 1. Figure 44. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A dark greyish 
brown 
10YR4/2 
 slightly firm 
brittle 
slightly sticky 
slightly plastic 
 
0-21 few fine faint 
yellowish brown 
10YR5/6 
mottles 
silt loam moderately 
developed fine 
and medium 
blocky 
abrupt 
smooth 
Bt(f) light olive brown 
2.5Y5/3 
 very firm to hard 
very sticky 
very plastic 
 
common patchy 
distinct greyish 
brown 2.5Y5/2 
clay cutans 
on aggregate 
faces and as pore 
linings 
21-56 common coarse 
distinct  
strong brown 
7.5YR4/6 
mottles 
silty clay moderately 
developed very 
coarse prismatic 
and coarse to 
medium blocky 
distinct 
wavy 
2Bt(f) light olive brown 
2.5Y5/3 
moderately 
gravelly 
(moderately 
weathered 
subangular 
greywacke clasts) 
moderately firm 
brittle 
common 
patchy greyish 
brown 10YR5/2 
clay coatings on 
gravels and 
bridging grains 
56-71 abundant coarse 
prominent 
yellowish red 
5YR5/6 
mottles 
sandy clay massive distinct 
wavy 
2C light olive grey 
5Y6/2 
slightly stony 
very gravelly 
(unweathered 
subangular 
greywacke clasts) 
slightly firm 
(very coherent) 
brittle 
moderately 
cemented 
 
71-100+  loamy sand massive bottom of the 
hole 
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Figure 44. Salix silt loam on silty clay (Soil code North Canterbury Pegasus 1, PBP6), 
Pegasus Bay Vineyard, Stockgrove Road, Waipara. (Photo by Peter Almond). 
 
The Salix silt loam on silty clay over gravel covered half of the Airstrip Block and the 
depth to gravel in these soil profiles varied between 50 and 80 cm although it may be 
as shallow as 40 cm and rarely more than 100 cm. 
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Table 23. Salix silt loam on silty clay on silty clay (with a buried soil). 
Site location Topo50 BV24 811 295. Pegasus Bay Vineyard, Stockgrove Road, Waipara, 
North Canterbury. Soil code North Canterbury Pegasus 2. Figure 45. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR4/2 
 slightly firm 
friable 
slightly sticky 
slightly plastic 
 
0-28  silt loam moderately 
developed 
medium 
polyhedral 
Distinct 
Smooth 
Bt(f) greyish brown 
2.5Y5/2 
 firm 
semi-deformable 
moderately sticky 
very plastic 
few continuous 
faint greyish 
brown 2.5Y5/2 
clay cutans 
28-41 many fine 
distinct 
yellowish brown 
10YR5/8 
mottles 
silty clay moderately 
developed coarse 
block 
Abrupt 
Smooth 
Bt greyish brown 
2.5Y5/2 
 slightly firm 
semi-deformable 
moderately sticky 
very plastic 
few continuous 
faint greyish 
brown 2.5Y5/2 
 clay cutans 
41-64 few extremely 
fine distinct 
strong brown  
7.5YR5/8 
mottles 
silty clay moderately 
developed very 
fine and fine 
blocky 
Abrupt 
Smooth 
2bA light yellowish 
brown  
2.5Y6/3 
 slightly firm 
brittle 
moderately sticky 
moderately 
plastic 
 
64-76 few fine distinct 
reddish yellow 
7.5YR6/8 
mottles  
clay loam weakly developed 
medium blocky 
Abrupt 
Smooth 
2bBtg greyish brown 
2.5Y5/2 
 very firm 
brittle 
 
76-105 many fine 
prominent 
yellowish brown 
10YR5/8 mottles 
silty clay weakly developed 
medium prismatic 
breaking to 
strong fine blocky 
abrupt  
smooth 
3bBt not recorded very gravelly not recorded cemented gravels 
with clay and iron 
oxides 
105-130+  medium sand massive breaking 
to single grained 
bottom of the 
hole 
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Figure 45. Salix silty clay on silty clay (soil code North Canterbury Pegasus 2 (PBP1)). 
Pegasus Bay Vineyard, Stockgrove Road, Waipara. (Photo by Peter Almond). 
 
This Salix soil covered about a third of the Airstrip block. The buried soil in this soil 
profile, indicated by the prefix b is the equivalent of the Salix silty clay over gravel. The 
gravels at the base of this profile are compact and cemented by iron oxides and may 
include thin iron pans. 
 
The Salix soils mapped on Camshorn Vineyard (Figure 46) are developed on fine 
alluvium eroded from the adjacent downland and deposited on the fan toes and the 
floodplains along the margin of the Canterbury Surface. Two Salix soils were mapped, 
a deep Salix soil where the depth to gravel is greater than 90 cm and moderately deep 
Salix soil, where the gravels occur within 90 cm of the surface. The Salix soils have 
slowly permeable clay loam to clay textured subsoils and low permeability layers 
occurring at depths of 1.5 to 2 metres. They are imperfectly drained soils. Some Salix 
soils have a profile that has many features in common with Pahau soils. The degree of 
impeded drainage together with the site location resulting in the concentration of 
surface water, are often the difference between these two soils. Hydrological 
gradients between topographically related soils are also referred to as a soil catena. 
An example of an imperfectly drained Pahau soil (Figure 47) with a distinctive pattern 
of subsoil mottling is shown in Figure 13.  
 
 
99 
 
 
Figure 46. Salix silt loam on silty clay loam, Camshorn Vineyard, north of Amberley (Pit 
24). (Photo by Trevor Webb). 
 
Pahau soils (Figure 47) and Salix soils share the mottled subsoil features indicating 
imperfect drainage. Salix soils are recognized where clay textures occur in the upper 
30 cm of the soils profile. The Salix soils are classified as Mottled Argillic Pallic Soils 
(Hewitt, 2010). 
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Figure 47. Pahau soil with a mottled subsoil indicative of imperfect drainage, 
Camshorn Vineyard, north of Amberley (Pit 13). (Photo by Trevor Webb). 
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8. Canterbury Surface - Waipara fan 
The Canterbury Surface, underlain by the Canterbury Gravels (Wilson, 1963), is the 
late Pleistocene braided plain forming the main terrace in the Waipara Basin. This 
surface occurs throughout the deposition basins traversed by the Waipara River and 
in the Waipara Basin extends south to merge with the alluvial deposits of the Kowai 
River. A braided plain is a feature of Canterbury’s large alluvial fans, exhibiting 
relatively subdued bar and channel microtopography. In the later phase of the 
ancestral Waipara River forming this braided plain and in the earliest phase of river 
incision, fine suspended sediments have flooded the braid plain. These fine sediments 
have been preferentially deposited along the braid channels. The consequence is the 
development of soils with contrasting textured profiles, the more stony alluvium on 
the low ridges or bars and approximately 20 to 40 cm of finer sediment overlying or 
mixed into the stony alluvium in the channels. This pattern can be quite variable. 
  
The Glasnevin soils are developed on the Canterbury Surface in the Waipara Basin and 
date from the time of incision of the Waipara River, to an extent that it no longer 
flooded the Canterbury Surface. A current estimate is that this may have happened 
some time in the mid to late Holocene, between 5000 and 2000 years ago and in some 
parts even more recently (Nicol and Campbell, 2001).  The lower horizons of the soils 
are formed in stony alluvium deposited up until about 12 000±2000 years ago (Nicol 
et al., 1994). As the ancestral Waipara River incised, fine sediments deposited across 
its floodplain were blown up on to the terrace edge of the Canterbury Surface to form 
a thin wedge of sandy to silty loess as a further modification to the texture of soils 
developed on this surface. An equivalent area of similar stony alluvium with Glasnevin 
soils was mapped to the south of the Waitohi River (Griffiths, 1978) at the south-
western end of the Amuri plain. Imperfectly drained Lowcliffe soils occur at the 
southern margin of the Canterbury Surface and both Lowcliffe and Salix soils occur at 
the eastern margin at the end of Stockgrove road. 
 
Glasnevin soils 
The Glasnevin soils were first recognized in the General Survey of the soils of the South 
Island (New Zealand Soil Bureau, 1968), and mapped in more detail in the soil surveys 
of the former Kowai County (Fox et al., 1964) and of the Waikari District (Griffiths, 
1978, 1980). Fox et al. mapped these soils as, Glasnevin stony sandy loam and very 
stony sandy loam. Griffiths (1978) also recognized two mapping units, Glasnevin 
gravelly sandy loam and very stony sandy loam. The Glasnevin soil types in these 
mapping units are distinguished by the proportions of rounded greywacke stones and 
gravels, in the A, Bw and C horizons. The texture modifiers Stony or Gravelly indicate 
less than 35 % by volume, and Very Stony or Very Gravelly 35-75 % by volume of these 
coarse rock fragments together with a fine matrix component. The texture terms 
Stones or Gravels signify >75% by volume of the coarse rock fragments with minor or 
no matrix component. The Canterbury Gravels comprise rounded stones and gravels 
of greywacke sandstone with rare glauconitic sandstone and very rare weathered 
ghosts of calcareous mudstone (marl) and limestone. The distinctive feature of these 
gravels and of the Glasnevin soils is the composition of the fine textured matrix, 
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contributed largely from the cover rocks within the catchments. In particular these 
include fragmented glauconitic sediments and limestones. As the Glasnevin soils 
developed, weathering and solution processes have removed the limestone 
fragments in the gravels and sandy matrix. The weathering and dissolving of these 
constituents have contributed to the soils fertility and to the oxidised brownish subsoil 
colour. This contrasts with the Lismore and Balmoral soils of mid and south Canterbury 
formed in Burnham Gravels sourced from the greywacke suite of rocks that contribute 
quartz, feldspars and micas to the mix of unweathered and weathered minerals in the 
soils. 
  
Griffiths (1980) has one detailed soil description with chemical and particle size 
analysis for a Glasnevin gravelly sandy loam (Griffiths (1980) pages 72, 56 - 57 and 64). 
This soil is located on the main Waitohi terrace 200 m north of the junction of Waitohi 
Gorge Road and Murrays Road.  Some of the terms have been changed from Griffith’s 
original description to fit with current conventions. This soil is developed from 
greywacke alluvium with some glauconitic sandstone. 
  
Table 24. Glasnevin gravelly sandy loam (Griffiths, 1980). 
Site location NZTopo50 BV24 648540. Equivalent of the Canterbury Surface, Waitohi 
River North Canterbury. Soil Bureau lab number 8462. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
gravelly 
(abundant fine 
gravels) 
friable  
0-5  sandy loam weakly developed 
fine polyhedral 
not stated 
A very dark 
greyish brown 
10YR3/2 
gravelly 
(abundant fine 
gravels) 
 
 
slightly hard (dry)  
5-23  sandy loam single grained not stated 
AB dark yellowish 
brown 
10YR4/4  
very dark 
greyish brown 
10YR3/2 
gravelly slightly hard (dry)  
23-38  silt loam single grained 
with many large 
worm casts 
not stated 
Bw1 yellowish brown 
10YR5/4 
gravelly hard (dry)  
38-51  silt loam massive not stated 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
Bw2 brown 
7.5YR5/4 
stony weak  
51-74  sand single grained not stated 
Bw3 dark yellowish 
brown 
10YR4/4 
stony loose  
74-86  sand single grained not stated 
2C yellowish brown 
10YR5/4 
‘gritty’ not stated  
86-89  silt loam massive sharp boundary 
3C dark yellowish 
brown 
10YR4/4 
very gravelly loose  
on  sand single grained bottom of the 
hole 
Griffiths (1980) used the term gravelly in this description for the stones of smaller diameter and gritty 
for coarse sand and very fine gravel. The stones are subrounded to subangular, unweathered and 
slightly weathered greywacke sandstone.  
 
Soil chemistry: Soil Bureau lab number 8462 
Horizon Depth 
cm 
pH 
in water 
C 
% 
N 
% 
C/N 0.5 M 
H2SO4 
P 
mg/100g 
P 
retention 
% 
A 0-5 5.2 5.0 0.5 10 37 26 
A 8-20 5.5 3.5 0.3 11 20 32 
AB 25-36 5.5 2.4 0.2 10 18 36 
Bw1 41-48 6.0 1.1 0.1 11 49 42 
Bw2 53-61 6.0 1.4 0.1 12 63 47 
2C 86-89 6.3 0.8 0.1 11 24 35 
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A 0-5 21.0 14.5 69 11.8 1.6 1.1 trace 
A 8-20 17.7 9.2 52 7.9 1.0 0.3 trace 
AB 25-36 14.9 6.6 44 5.2 1.1 0.2 trace 
Bw1 41-48 11.6 5.2 45 4.0 0.9 0.2 0.1 
Bw2 53-61 13.4 6.1 45 4.8 1.0 0.3 0.1 
2C 86-89 11.3 6.5 58 5.4 0.9 0.1 0.1 
Note the depth increments sampled for chemical analysis are slightly thinner than the equivalent 
horizons in the soil description. 
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Particle size of the fraction less than 2 mm as a percentage and percentage of stones 
in the whole soil (Soil Bureau lab number 8462) 
Horizon Depth 
cm 
% clay 
<0.002 mm 
% silt 
0.002-0.02 
mm 
% fine sand 
0.02-0.2 
mm 
% medium 
and coarse 
sand 
0.2-2 mm 
% of stones 
in the 
whole soil 
A 0-5 10 32 37 21 33 
A 8-20 13 31 38 18 28 
AB 25-36 15 30 38 17 56 
Bw1 41-48 14 11 21 54 83 
Bw2 53-61 9 19 13 59 80 
Bw3 76-84 10 4 14 72 85 
3C 91-99 6 2 9 83 - 
 
Three Glasnevin soils (Tables 25, 26 and 27) were described and sampled on the 
Waipara West Vineyard, between Ram Paddock Road and the Waipara River. 
 
Table 25. Glasnevin shallow slightly stony silt loam on moderately stony silt or sandy 
loam. 
Site location NZTopo50 BV24 720311. Waipara West Vineyard, Ram Paddock Road 
Waipara. Soil code North Canterbury Waipara West 1. Figure 48. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A black 
10YR2/1 
slightly stony weak 
brittle 
slightly sticky 
slightly plastic 
 
0-16  silt loam moderately 
developed fine 
blocky and coarse 
spheroidal 
distinct 
wavy 
AB black 
10YR2/1 
dark greyish 
brown 
10YR4/2 
slightly stony weak 
brittle 
slightly sticky 
slightly plastic 
 
16-26  silt loam strongly 
developed fine 
blocky and coarse 
spheroidal 
distinct 
wavy 
Bw light olive 
brown 
2.5Y5/3 
moderately 
gravelly and 
stony 
weak 
brittle 
non sticky 
non plastic 
 
26-51  silt loam grading 
to sandy loam 
moderately 
developed fine 
and medium 
blocky 
distinct 
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2C1 dark greyish 
brown 
10YR4/2 to 
very dark 
greyish brown 
10YR3/2 
very gravelly and 
stony 
weak 
brittle 
non sticky 
non plastic 
weakly cemented 
with clay in the 
upper part 
51-103  loamy sand weakly developed 
medium block 
grading to single 
grained 
indistinct 
2C2 very dark 
greyish brown 
10YR3/2 
very gravelly and 
stony with few 
boulders 
loose to  compact 
non sticky 
non plastic 
 
 
103-173+  coarse sand single grained bottom of the 
hole 
It was not recorded if this site was in a braid channel or on a bar. The gravels, stones and boulders are 
subrounded to subangular, weakly weathered greywacke sandstone.  
 
Soil chemistry: North Canterbury Waipara West 1 
Horizon Depth 
cm 
pH 
in water 
pH 
in KCl 
C 
% 
S-SO4 
g/g 
Total 
P 
g/g 
Inorgani
c 
P 
g/g 
Organic 
P 
g/g 
A 0-19 5.3 4.6 2.2 8.9 577 166 410 
A 19-25 5.4 4.4 1.8 8.4 575 106 470 
AB 25-33 5.5 4.3 1.3 6.0 478 79 419 
Bw 33-43 5.7 4.4 0.8 6.8 360 35 325 
Bw 43-58 5.9 4.6 0.6 6.9 311 75 235 
C1 58-65 6.0 4.6 1.0 6.1 547 271 276 
C1 65-85 6.1 4.7 0.4 6.0 634 412 221 
C1 85-107 6.3 4.8 0.3 4.7 588 392 196 
C2 107-135 6.4 4.8 0.1 3.8 410 291 119 
C2 135-160 6.5 4.8 0.1 4.6 443 331 112 
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A 0-19 16.2 10.3 64 7.2 1.1 0.8 0.1 
A 19-25 16.3 7.8 48 8.0 1.4 0.9 trace 
AB 25-33 14.7 12.9 87 4.7 7.8 0.3 0.0 
Bw 33-43 12.5 12.1 97 4.5 7.4 0.3 0.0 
Bw 43-58 11.5 13.0 (100) 4.8 8.0 0.2 0.0 
C1 58-65 19.1 8.8 46 6.3 2.1 0.3 0.0 
C1 65-85 14.6 7.1 49 5.2 1.5 0.4 0.0 
C1 85-107 14.9 8.4 56 6.2 1.1 0.9 0.2 
C2 107-135 13.2 8.3 63 6.7 1.0 0.5 0.1 
C2 135-160 11.0 6.9 63 4.9 1.6 0.4 Trace 
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Figure 48.  Glasnevin shallow slightly stony silt loam on moderately stony silt or sandy 
loam (Soil code North Canterbury Waipara West 1), Waipara West Vineyard, Ram 
Paddock Road, Waipara. (Photo by Philip Tonkin). 
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Table 26. Glasnevin shallow slightly gravelly sandy loam. 
Site Location NZTopo50 BV24 717312, Waipara West Vineyard, Ram Paddock Road, 
Waipara. Soil code North Canterbury Waipara West 2. Figure 49. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark grey 
10YR3/1 
slightly gravelly slightly firm 
brittle 
non sticky 
slightly plastic 
 
0-15  sandy loam weakly developed 
fine blocky 
Distinct 
Wavy 
AB very dark grey 
10YR3/1 
light olive brown 
2.5Y5.4 
 weak  
brittle 
non sticky 
slightly plastic 
 
15-23  sandy loam moderately 
developed fine 
blocky and 
spheroidal 
Distinct 
Wavy 
Bw1 light olive brown 
2.5Y5/4 
 weak 
brittle 
non sticky 
slightly plastic 
 
23-30  sandy loam massive Indistinct 
Bw2 light olive brown 
2.5Y5/3 
slightly gravelly weak 
brittle 
non sticky 
non plastic 
 
30-44  sandy loam massive Indistinct 
2BC light yellowish 
brown 
2.5Y6/3 
very gravelly and 
stony 
weak  
loose 
non sticky 
non plastic 
 
44-62  loamy sand single grained Distinct 
Wavy 
2C dark yellowish 
brown 10YR4/4 
and grey 
10YR6/2 
very gravelly and 
stony 
loose 
non sticky 
non plastic 
 
62-143+  coarse loamy 
sand 
single grained bottom of the 
hole 
It is interpreted from the soil texture profile that the upper horizons of this soil may be formed in a 
veneer of overbank or aeolian sediments. The gravels and stones are subrounded to subangular, weakly 
weathered greywacke sandstone.  
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Soil chemistry: North Canterbury Waipara West 2 
Horizon Depth 
cm 
pH 
in 
water 
pH 
in KCl 
C 
% 
S-SO4 
g/g 
Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-15 5.8 5.1 1.7 8.7 684 133 320 
AB 15-23 6.2 5.2 0.9 2.0 506 55 276 
Bw1 23-30 5.8 4.4 0.4 2.2 410 33 232 
Bw2 30-39 5.7 4.3 0.2 3.7 294 28 162 
Bw2 39-44 5.8 4.3 0.1 1.8 209 24 109 
2BC 44-62 5.7 4.3 0.1 3.0 317 85 119 
2C 62-82 5.7 4.2 0.2 3.9 656 301 132 
2C 82-100 5.7 4.2 0.1 3.6 575 272 103 
2C 100-122 5.9 4.2 0.0 2.3 721 370 99 
2C 122-143 5.8 4.3 0.0 3.4 642 370 30 
 
H
o
ri
zo
n
 
D
ep
th
 
cm
 
C
EC
 
m
e/
1
0
0
g 
TE
B
 
m
e/
1
0
0
g 
B
as
e
 
sa
tu
ra
ti
o
n
 
%
 
C
a 
m
e/
1
0
0
g 
M
g 
m
e/
1
0
0
g 
K
 
m
e/
1
0
0
g 
N
a 
m
e/
1
0
0
g 
A 0-15 14.4 9.6 67 8.3 0.8 0.5 0.0 
AB 15-23 12.4 7.0 56 6.3 0.6 0.1 0.0 
Bw1 23-30 8.8 4.2 48 3.6 0.5 0.1 0.0 
Bw2 30-39 8.9 3.4 38 2.7 0.6 0.0 0.0 
Bw2 39-44 8.3 3.9 47 2.8 1.0 0.1 0.1 
2BC 44-62 10.6 4.9 46 3.2 1.3 0.2 0.1 
2C 62-82 14.0 6.1 44 4.1 1.7 0.0 0.2 
2C 82-100 15.2 6.6 43 4.6 1.9 0.1 0.1 
2C 100-122 11.6 6.5 56 4.4 1.9 0.1 0.2 
2C 122-143 10.6 6.8 64 4.4 2.2 0.1 0.0 
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Figure 49. Glasnevin shallow slightly gravelly sandy loam, Waipara West Vineyard, 
Ram Paddock Road, Waipara. Soil code North Canterbury Waipara West 2. (Photo by 
Philip Tonkin). 
 
Table 27. Glasnevin slightly stony sandy loam on very stony sandy loam. 
Site location NZTopo50 BV24 715312, Waipara West Vineyard, Ram Paddock Road, 
Waipara. Soil code North Canterbury Waipara West 3. Figure 50. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark grey 
10YR3/1 
 firm 
brittle 
non sticky 
slightly plastic 
 
0-20  sandy loam moderately 
developed fine 
and medium 
polyhedral and 
spheroidal 
distinct 
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
AB olive brown 
2.5Y4/3 
slightly gravelly 
and stony 
firm 
brittle 
non sticky 
slightly plastic 
 
20-30  sandy loam moderately 
developed fine 
and medium 
polyhedral and 
spheroidal 
indistinct 
 irregular 
Bw olive brown 
2.5Y4/4 
very stony and 
gravelly with 
some boulders 
firm 
brittle 
non sticky 
non plastic 
 
30-60  sandy loam weakly developed 
medium blocky 
distinct 
wavy 
2C brown 
10YR4/3 
moderately 
gravelly 
loose 
non sticky 
non plastic 
 
60-72  coarse sand single grained abrupt 
smooth 
3C light olive brown 
2.5Y5/3 
 weak 
brittle 
slightly sticky 
slightly plastic 
 
72-85  silt loam Massive abrupt 
smooth 
4C1 brown 
10YR4/3 
dark yellowish 
brown 
10YR4/6 
very stony and 
gravelly with 
some boulders 
loose 
non sticky 
non plastic 
 
85-155  loamy coarse 
sand 
single grained indistinct 
4C2 brown 
10YR4/3 
very dark 
greyish brown 
10YR3/2 
very gravelly 
stony and 
bouldery 
loose 
non sticky 
non plastic 
 
155-190+  loamy coarse 
sand 
single grained bottom of the 
hole 
This soil was sampled from the side of a bar. The gravels and stones are subrounded to subangular, 
weakly weathered greywacke sandstone.  
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Soil chemistry: North Canterbury Waipara West 3 
Horizon Depth 
cm 
pH 
in 
water 
pH 
 in 
 KCl 
C 
% 
S-S04 
g/g 
Total 
N 
g/g 
Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-10 6.1 5.5 3.1 3.4 3149 549 167 382 
A 10-20 6.1 5.6 1.9 1.5 2143 455 104 351 
AB 20-30 6.1 5.3 1.2 1.3 1458 366 78 288 
Bw 30-45 6.1 5.1 0.6 1.4 845 296 85 211 
Bw 45-60 6.1 4.6 0.4 0.6 273 609 476 132 
2C 60-75 6.0 4.4 0.3 0.7 397 142 63 79 
3C 75-85 6.0 4.4 0.3 1.2 202 260 195 65 
4C 85-105 6.0 4.4 0.2 1.8 266 347 261 86 
4C 105-130 6.1 4.4 0.4 2.9 125 450 383 67 
4C 130-155 6.1 4.4 0.2 4.6 179 460 361 98 
4C 155-190 6.2 4.3 0.2 1.1 178 450 385 65 
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A 0-10 16.5 13.4 81 10.1 1.6 1.7 trace 
A 10-20 14.7 13.1 90 9.9 1.6 1.6 trace 
AB 20-30 15.3 10.3 67 8.0 1.0 1.4 0.1 
Bw 30-45 11.5 7.4 64 5.3 0.9 1.0 0.1 
Bw 45-60 15.3 5.3 35 3.6 1.1 0.6 0.1 
2C 60-75 11.0 5.5 50 3.3 1.8 0.2 0.2 
3C 75-85 13.6 8.0 59 5.1 2.6 0.1 0.1 
4C 85-105 11.0 7.0 64 4.7 2.1 0.1 0.1 
4C 105-130 10.8 7.0 65 4.6 2.1 0.1 0.2 
4C 130-155 11.4 6.2 55 3.9 2.2 0.1 0.1 
4C 155-190 10.7 6.4 60 3.8 2.4 0.1 0.1 
Total calcium carbonate (free lime) for this soil, were in the range of 0.4 to 0.6%. 
 
A detailed survey of the Glasnevin soils opposite Waipara West Vineyard, on a part of 
the Canterbury Surface bounded by Ram Paddock and The Mound roads (Tonkin, 
1997), revealed a pattern of shallower moderately stony / gravelly soils in the 
northern half of the area and slightly stony / gravelly soils in the southern part of the 
area. This illustrates a gradient in the proportion of stones / gravels to the sandy loam 
/ silt loam matrix in the soils with distance from the ancestral Waipara River.  
 
Further to the east a soil survey of the former Canterbury House / Mud House 
Vineyard (Waipara Hills Wines) mapped Glasnevin soils on the Canterbury Surface and 
on the uppermost of the flight of degradational terraces (Tonkin and Hassall, 1992; 
Tonkin and Almond, 1993). This vineyard is east of Highway 1 and immediately south 
of the Waipara River. In addition to the soil survey, pits were excavated and the soils 
and subsoil features described to a depth of several metres. Two soil profiles on the 
Canterbury Surface are examples of Glasnevin shallow silt loam (Figure 51) and stony 
silt loam soils (Figure 52). 
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Figure 50. Glasnevin slightly stony sandy loam on very stony sandy loam (Soil code 
North Canterbury Waipara West 3), Waipara West Vineyard, Ram Paddock Road, 
Waipara. (Photo by Philip Tonkin). 
 
Later, Soil Science students from Lincoln University mapped the soils of the Waiata 
Vineyard, east of Highway 1 and south of the Waipara River. This vineyard is sited on 
the Canterbury Surface and Glasnevin soils were predominant with smaller areas of 
other soils. Three Glasnevin profiles were described and sampled for chemical analysis 
(Figures 53, 54 and 55). 
 
Table 28. Glasnevin shallow silt loam. 
Location NZTopo50 BV24 804305, Mud House Vineyard, Glasnevin Road (Highway 1), 
Waipara. Soil code North Canterbury Mud House 2. Figure 51. 
   
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 weak 
friable 
slightly sticky 
slightly plastic 
 
20  silt loam strongly 
developed fine 
subangular blocky 
distinct 
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
AB yellowish brown 
10YR5/4 
very dark 
greyish brown 
10YR3/2 
 weak 
brittle 
slightly sticky 
slightly plastic 
 
30  silt loam moderately 
developed fine to 
coarse blocky 
distinct 
irregular 
Bw1 yellowish brown 
10YR5/4 
slightly to 
moderately 
gravelly 
weak 
brittle 
non sticky 
slightly plastic 
 
40  silt loam weakly developed 
coarse blocky 
distinct 
2Bw2 yellowish brown 
10YR5/4 
moderately 
stony gravelly 
weak 
brittle 
non sticky 
slightly plastic 
 
50  silt loam massive distinct 
2BC very dark 
greyish brown 
10YR3/2 
very gravelly weak 
non sticky 
non plastic 
 
80  loamy coarse 
sand 
single grained indistinct 
2C greyish brown 
10YR5/2 
very gravelly loose  
120  sand single grained 
non sticky 
non plastic 
indistinct 
3C dark yellowish 
brown 
10YR4/6 
very gravelly loose 
non sticky 
non plastic 
 
160  loamy coarse 
sand 
single grained indistinct 
4C yellowish brown 
10YR5/6 
greyish brown 
10YR5/2 
very gravelly loose 
non sticky 
non plastic 
 
330+  loamy coarse 
sand 
single grained bottom of the 
hole 
The gravels and stones are subrounded to subangular, unweathered and slightly weathered greywacke 
sandstone.  
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Figure 51. Glasnevin shallow silt loam (Soil code North Canterbury Mh2), Mud House 
Vineyard Waipara. (Photo by Philip Tonkin). 
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Table 29. Glasnevin stony silt loam. 
Location NZTopo50 BV24 798305, Mud House Vineyard, Glasnevin Road (Highway 1), 
Waipara. Soil code North Canterbury Mud House 3 (Original soil code T3b). Figure 52. 
   
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark brown 
10YR2/2 
 weak 
brittle 
slightly sticky 
slightly plastic 
 
0-20  
 
silt loam moderately 
developed 
medium 
polyhedral and 
spheroidal 
Distinct 
wavy 
AB light yellowish 
brown 
10YR6/4 
and very dark 
brown 
10YR2/2 
slightly gravelly 
and stony 
weak 
brittle 
non sticky 
slightly plastic 
 
20-34 
alternates with 
2Bw 
 sandy loam weakly developed 
coarse blocky 
Distinct 
discontinuous 
wavy 
2Bw light yellowish 
brown 
10YR6/4 
very gravelly loose 
non sticky 
non plastic 
 
20-34 
alternates with 
AB 
 sandy loam moderately 
developed very 
fine spheroidal 
Distinct 
discontinuous 
2BC dark brown 
7.5YR3/3 
very gravelly loose 
non sticky 
non plastic 
 
34-70  loamy coarse 
sand 
single grained Indistinct 
wavy 
2C1 dark brown 
10YR3/3 
very gravelly loose 
non sticky 
non plastic 
 
70-260  coarse sand single grained Diffuse 
2C2 dark brown 
10YR3/3 
very gravelly  loose 
non sticky 
non plastic 
 
260-400  sand with silty 
clay coatings 
single grained bottom of the 
hole 
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Figure 52. Glasnevin stony silt loam (Soil sode North Canterbury Mh3), Mud House 
Vineyard, Waipara. (Photo by Philip Tonkin). 
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Table 30. Glasnevin shallow silt loam. 
Location NZTopo50 B24 775277, Waiata Vineyard, Glasnevin Road (Highway 1), 
Waipara. Soil code North Canterbury Waiata 1. Figure 53. 
   
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A dark brown 
10YR3/3 
 weak  
friable 
slightly sticky 
moderately 
plastic 
 
0-20  silt loam moderately 
developed 
medium blocky 
and weak fine 
spheroidal 
abrupt 
irregular 
Bw olive brown 
2.5YR4/4 
 firm  
brittle 
slightly sticky 
slightly plastic 
 
20-35  sandy loam moderately 
developed 
medium blocky 
indistinct 
smooth 
2BC light olive 
brown 
2.5Y5/4 
moderately 
gravelly 
weak  
friable  
non sticky 
non plastic 
 
35-65  loamy sand weakly developed 
medium blocky 
and spheroidal 
gradational 
2C1 light olive 
brown 
2.5Y5/4 
very stony gravel compact to loose 
non sticky 
non plastic 
 
65-105  coarse sand single grained gradational 
2C2 greyish brown 
2.5Y5/2 and 
light olive 
brown 
2.5Y5/3 
very stony gravel loose 
non sticky 
non plastic 
iron staining on 
stones and 
gravels 
105-200+  coarse sand single grained bottom of the 
hole 
The gravels and stones are subrounded to subangular, unweathered and slightly weathered greywacke 
sandstone. This description has some additions missed in the original description, such as the fine 
fraction in the 2BC and 2C horizon.  
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Soil chemistry: North Canterbury Waiata 1 
Horizon Depth 
cm 
pH 
in water 
C 
% 
N 
% 
C/N S-SO4 
g/g 
A 0-15 5.3 1.53 0.15 10.4 10.96 
A / Bw 15-31 5.2 0.57 0.06 9.9 3.48 
Bw / 2BC 31-50 5.3 0.37 0.04 9.6 3.09 
2BC 50-55 5.3 0.45 0.05 9.5 4.49 
2BC / 2C1 55-75 5.7 0.24 0.03 8.2 4.06 
2C1 75-90 5.9 019 0.03 7.6 2.61 
2C1 /2C2 90-100 5.8 0.26 0.03 8.1 3.86 
2C2 100-120 6.1 0.12 0.02 6.3 2.63 
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A 0-15 5.2 91 3.4 0.6 0.6 0.1 
A / Bw 15-31 3.5 66 1.5 0.6 0.2 0.1 
Bw / 2BC 31-50 6.0 66 2.2 1.5 0.1 0.2 
2BC 50-55 6.3 63 2.1 1.5 0.1 0.2 
2BC / 2C1 55-75 6.8 75 2.9 1.8 0.1 0.2 
2C1 75-90 7.0 81 3.3 2.0 0.1 0.2 
2C1 /2C2 90-100 7.9 79 3.6 2.2 0.1 0.3 
2C2 100-120 5.9 89 3.0 1.8 0.2 0.2 
The depth increments sampled don’t follow the depths of the soil horizons and they are not equal 
increments of either 10 or 20 cm. 
 
 
Figure 53. Glasnevin shallow silt loam, Waiata Vineyard, Waipara. Soil code North 
Canterbury Waiata 1. (Photo by Peter Almond). 
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Table 31. Glasnevin slightly gravelly silt loam on moderately gravelly silt loam. 
Location NZTopo50 BV24 776277, Waiata Vineyard, Glasnevin Road (Highway 1), 
Waipara. Soil code North Canterbury Waiata 2. Figure 54. 
   
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
slightly gravelly weak  
brittle 
slightly sticky 
slightly plastic 
 
0-19  silt loam weakly developed 
coarse blocky and 
fine polyhedral 
distinct 
smooth 
Bw1 light olive brown 
2.5Y56/4 
moderately 
gravelly 
weak  
brittle 
moderately sticky 
moderately 
plastic 
 
19-45  silt loam weak coarse 
blocky and fine 
polyhedral 
distinct 
wavy 
Bw2 
(Bt?) 
dark yellowish 
brown 10YR4/4 
very gravelly strong 
 brittle 
slightly sticky 
non plastic 
 
45-85  sandy loam massive to single 
grained 
distinct 
wavy 
BC 
(BCt?) 
olive brown 
2.5Y4/4 
very gravelly compact to loose 
non sticky 
non plastic 
clay coatings in 
matrix and on 
some gravels 
85-133  loamy coarse 
sand 
single grained gradual 
C light olive brown  
2.5Y5/6 
very stony 
gravelly 
loose 
non sticky 
non plastic 
 
133-188  coarse sand single grained bottom of the 
hole 
The gravels and stones are subround to subangular, unweathered greywacke sandstone.  
This pit was on the south side of a headland. In the students description the Bw2 horizons was 
designated Bt, but there is no indication of clay coatings to justify this. In the BC horizon there was an 
indication of clay coatings and this should be a BCt horizon. 
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Soil chemistry: North Canterbury Waiata 2 
Horizon Depth 
cm 
pH 
in water 
C 
% 
N 
% 
C/N S-SO4 
g/g 
A 0-18 5.5 2.61 0.23 11.5 8.55 
Bw1 18-30 5.3 0.94 0.09 9.9 7.72 
Bw1 30-45 5.5 0.71 0.07 9.5 5.77 
Bw2 45-60 5.5 0.69 0.08 9.0 4.35 
Bw2 60-85 5.7 0.54 0.06 8.9 1.04 
BC 85-105 5.6 0.21 0.03 6.4 1.55 
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A 0-18 7.7 (100) 6.3 1.1 0.6 0.1 
Bw1 18-30 4.5 82 2.4 0.9 0.3 0.1 
Bw1 30-45 4.6 84 2.3 1.3 0.2 0.1 
Bw2 45-60 6.0 78 2.4 1.9 0.2 0.2 
Bw2 60-85 4.6 84 2.1 1.5 0.2 0.2 
BC 85-105 5.9 75 2.7 1.4 0.1 0.2 
 
 
 Figure 54. Glasnevin slightly gravelly silt loam on moderately gravelly silt loam (Soil 
code North Canterbury Waiata 2), Waiata Vineyard, Waipara. (Photo by Peter 
Almond). 
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Table 32. Glasnevin silt loam on moderately gravelly silt loam. 
Location NZTopo50 BV24 783272, Waiata Vineyard, Glasnevin Road (Highway 1), 
Waipara. Soil code North Canterbury Waiata 3. Figure 55. 
   
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 weak  
friable 
slightly sticky 
moderately 
plastic 
 
0-20  silt loam strongly 
developed 
medium blocky 
and fine 
spheroidal 
indistinct 
smooth 
Bw light olive brown 
2.5Y5/3 
moderately 
gravelly 
slightly firm 
brittle 
slightly sticky 
slightly plastic 
 
20-35 few fine distinct 
dark brown 
7.5YR3/2 
mottles 
silt loam strongly 
developed coarse 
and fine blocky 
indistinct smooth 
2Bw brown 
10YR5/3 
very gravelly weak  
brittle 
slightly sticky 
slightly plastic 
 
35-60  silt loam massive to  
single grained 
diffuse 
2BC light yellowish 
brown 
2.5Y6/4 
very gravelly 
stony 
weak  
friable 
non sticky 
non plastic 
 
60-85  loamy sand single grained indistinct 
2C  very gravelly 
stony 
loose 
non sticky 
non plastic 
 
85-160  loamy sand single grained bottom of the 
hole 
The gravels and stones are subrounded to subangular, unweathered and slightly weathered greywacke 
sandstone. 
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Soil chemistry: North Canterbury Waiata 3 
Horizon Depth 
cm 
pH 
in water 
C 
% 
N 
% 
C/N S-SO4 
g/g 
A 0-20 6.0 1.7 0.16  10.3 1.34 
Bw 20-30 5.9 1.2 0.12 9.7 0.98 
Bw / 2Bw 30-50 5.5 0.7 0.09 8.7 0.88 
2Bw / 2BC 50-70 5.5 0.4 0.05 7.7 0.93 
2BC / 2C 70-93 5.8 0.3 0.04 7.5 1.06 
2C 93-97 5.9 0.2 0.03 7.1 1.21 
2C 97-140 6.1 0.1 0.02 6.4 0.43 
2C 140-180 6.2 0.1 0.02 7.0 1.23 
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A 0-20 8.5 86 6.2 0.7 0.2 0.2 
Bw 20-30 6.3 81 4.3 0.5 0.2 0.2 
Bw / 2Bw 30-50 6.1 77 3.1 1.2 0.2 0.2 
2Bw / 2BC 50-70 7.1 73 2.9 1.7 0.4 0.1 
2BC / 2C 70-93 6.2 82 2.9 1.5 0.5 0.1 
2C 93-97 6.3 79 3.0 1.4 0.5 0.1 
2C 97-140 6.6 78 3.1 1.5 0.4 0.1 
2C 140-180 6.1 95 3.5 1.8 0.3 0.2 
Note the depth increments sampled don’t follow the depths of the soil horizons and they are not equal 
increments of 10 or 20 cm. 
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Figure 55. Glasnevin stony silt loam on moderately gravelly silt loam, Waiata Vineyard, 
Waipara. Soil code North Canterbury Waiata 3. (Photo by Peter Almond). 
 
Glasnevin soils were mapped on the Canterbury Surface at the northern extreme of 
the Camshorn Vineyard on the eastern side of Highway 1 (Webb, 2002). In this location 
these soils merge with the Salix soils. These Glasnevin soils have thicker fine textured 
A and Bw horizons overlying the stony alluvium of the Canterbury Gravels. In contrast 
to the other Glasnevin soils, these soils have free drainage in the upper horizons but 
experience seasonal impeded drainage (Figure 56) due to water tables in the lower 
stony horizons perching on a silt loam to clay loam textured layer at depth of 1 to 2.5 
metres below the surface. This layer could be the lateral equivalent of the fine 
textured colluvium or loess that occurs on the adjacent fans and downland margin. 
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Figure 56. Glasnevin soil with a seasonally high water table, Camshorn Vineyard, 
Waipara (Pit 2). (Photo by Trevor Webb). 
 
The chemistry of the Glasnevin soils shows the soil pH varying from strongly acid to 
slightly acid with a tendency to become less acid with profile depth. The percentage 
base saturations vary from medium to very high, indicating the weakly leached and 
relatively high fertility status of these stony soils. 
 
The Glasnevin soils of North Canterbury have been revised and remapped by Trevor 
Webb of Landcare Research New Zealand Limited, and this information is available on 
the new digital soil information system for New Zealand Soils called S-mapOnline 
(http://smap.landcareresearch.co.nz/home). The Glasnevin soil family is mapped as 
three siblings, where the main difference is the proportion of stones in the horizons 
of the soil profile; Glasnevin shallow silt loam (Glas_8.1), stony silt loam (Glas_2.1), 
and very stony silt loam (Glas_9.1). The shallow silt loams and stony silt loams occur 
closer to the terrace edge of the Canterbury Surface along the Waipara River. The 
Glasnevin soils need to be separated into three families classified as Pedal Immature 
Pallic Soils, Typic Immature Pallic Soils and Weathered Orthic Recent Soils (Hewitt, 
2010). The Glasnevin name has been assigned to the Typic Immature Pallic soils. 
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Lowcliffe soils 
The Lowcliffe soils were first mapped in the Soil Survey Downs and Plains of 
Canterbury (Kear et al., 1967) on the lower part of the Ashburton and Rangitata 
alluvial fans. These soils are the imperfectly drained counterpart of the Lismore soils. 
The following description (Table 33) is adapted from Kear et al., (1967) is a soil profile 
near Lowburn in South Canterbury. 
 
Table 33. Lowcliffe soil (adapted from Kear et al., 1967). 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A dark greyish 
brown 
10YR4/2 
few stones friable  
0-18  silt loam moderately 
developed fine 
spheroidal and 
medium 
polyhedral 
indistinct 
Bw(g) brown 
10YR5/3 
very stony firm  
18-43 many 
medium  
distinct 
strong brown 
7.5YR5/6 and 
brownish 
yellow 
10YR6/6 
mottles 
silt loam weakly 
developed 
medium 
polyhedral 
sharp wavy 
C(g) pale olive stony gravels firm  
on  sand single grained  
 
The Lowcliffe soils occur on a subdued bar and channel microtopography with shallow 
soils associated with the bars and deeper soils occurring in the channels. The profile 
described is of the shallow soil and the illustration (Figure 56) is an example of the 
deeper soil with silt loam A horizon and mottled moderately stony silt loam to clay 
loam textured Bw(g) and Bt(g) horizons overlying the stony gravel C(g) horizon. 
 
In the Waipara Basin Lowcliffe soils are recognised along the southern and eastern 
margins of the Canterbury Surface and are the mottled and imperfectly drained 
counterpart of the Glasnevin soils. These soils may interfinger with the Salix soils 
(described in chapter 7). 
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Figure 57. Lowcliffe silt loam. (Photo by Trevor Webb). 
 
The Lowcliffe soils are classified as Mottled Argillic Pallic Soils (Hewitt, 2010).  
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9. Canterbury Surface - Weka fan 
The Weka fan is the largest fan on the northern side of the Waipara River that grades 
to the Canterbury Surface. The sediments forming this fan are derived from greywacke 
sandstone with finer constituents from associated siltstones and some contribution 
from the cover rock sequence within the catchment of the Weka and Ant streams. 
Subsequent incision has formed one main degradational terrace and several low 
terraces within the flood reach of the Weka stream. 
  
Glasnevin soils 
Glasnevin soils were mapped on the highest terrace on the Weka fan in the general 
survey of the soils of South Island (Soil Bureau, 1968) and remapped as Eyre soils in 
the soil survey of the Waikari district (Griffiths, 1978, 1980). In the most recent S-map 
revision, Glasnevin soils are predominant with a minor component of the less 
developed Eyre soils. In the field studies of Alloway in the early 1990’s, Almond and 
Tonkin (1993) and Prayitno (1995) soils on parts of the Weka fan surface were 
examined and mapped, indicating that in addition to the Glasnevin and Eyre soils, 
areas within the fan and on the fan margin have deeper soils formed in fine alluvium 
overlying the greywacke derived stony alluvium. These are provisionally identified as 
Glenmark soils formed in finer sediments eroded from the adjacent downland margin. 
The identification of composite soil profiles with buried soils on the Weka fan surface 
east of Mackenzies Road by Alloway and Praytino (unpublished maps and notes) 
indicates that parts of this fan surface may have received thin deposits of fine 
sediments throughout the late Holocene (refer to Chapter 12).  
The following descriptions of Glasnevin (Table 34), Eyre (Table 35) and Glenmark 
(Tables 36 and 37) soils all occur within a short distance of each other on a part of the 
Highclare Downs Farm at the northern end of Mackenzies Road (Almond and Tonkin 
1993). The Glasnevin soils on the Weka fan surface have the same morphological 
features as the Glasnevin soils on the Canterbury Surface in the Waipara Basin. The 
Glasnevin soils are classified as Typic Immature Pallic Soils, the Eyre soils as Weathered 
Orthic Recent Soils and the Glenmark soils as Typic Argillic Pallic Soils (Hewitt, 2010). 
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Table 34. Glasnevin stony silt loam. 
Site location NZTopo50 BV24 788352, Highclare Downs Farm. Soil code North 
Canterbury Highclare Downs P5.9. Figure 58. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
Matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark grey 
10YR3/1 
slightly gravelly weak 
brittle 
slightly sticky 
slightly plastic 
 
0-25  silt loam strongly 
developed fine  
and medium 
polyhedral and 
spheroidal 
Distinct 
wavy  
Bw dark yellowish 
brown  
10YR4/4 
moderately 
gravelly 
weak 
brittle 
slightly sticky 
slightly plastic 
 
25-50  silt loam strongly 
developed 
medium and  
fine blocky 
Indistinct 
irregular 
2C light olive brown 
2.5Y5/3 
very gravelly loose 
non sticky 
non plastic 
 
50-110  Sand single grained Abrupt 
smooth 
3C light olive grey 
5Y6/2 
 slightly firm 
brittle 
non sticky 
slightly plastic 
 
110-125  sandy loam massive Abrupt 
smooth 
4C light olive brown 
2.5Y5/3 
very gravelly loose 
non sticky 
non plastic 
 
125-160+  Sand single grained bottom of the 
hole 
The erosional surface (strath) on the Kowai conglomerate occurs at a depth of about 2.3 to 2.5 m below 
the surface of this Glasnevin soil profile.  
129 
 
 
Figure 58. Glasnevin stony silt loam (Soil code North Canterbury Highclare Downs 
P5.9), Highclare Downs, Mackenzies Road, Waipara. (Phot by Philip Tonkin). 
 
Eyre soils 
The Eyre soils occur on the second degradational terrace below the Canterbury 
Surface (see Chapter 11) on either side of the Waipara River. This signifies that the 
Eyre soils are chronologically younger than the Glasnevin soils on the Canterbury 
Surface and on the uppermost of the degradational terraces. The Eyre soils have a 
similar morphology to the Glasnevin soils but have less well expressed and thinner Bw 
horizons confirming that these soils have formed over a shorter interval of time when 
compared with the Glasnevin soils. This relationship can be applied to the soil pattern 
on the Weka fan surface, indicating episodes of flooding by the Weka stream prior to 
its incision. The incision of the Weka stream was controlled by the lowering of the 
Waipara River to form its present gradient and channel. The following is an example 
of an Eyre soil on the Weka fan surface in which the 4C horizon (not shown in the 
Figure 59) is formed in Kowai Formation conglomerate. 
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Table 35. Eyre silt loam on stony silt loam. 
Site location NZTopo50 BV24 789353, Highclare Downs Farm. Soil code North 
Canterbury Highclare Downs P5.6. Figure 59. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
Matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark grey 
10YR3/1 
slightly gravelly weak 
brittle 
slightly sticky 
slightly plastic 
 
0-20  silt loam strongly 
developed 
medium to fine 
polyhedral 
indistinct 
wavy 
Bw yellowish brown 
10YR5/4 
moderately 
gravelly 
weak 
brittle 
non sticky 
slightly plastic 
 
20-40  silt loam strongly 
developed 
medium 
spheroidal 
diffuse 
C dark grey 
5Y4/1 
very gravelly loose 
non sticky 
non plastic 
 
20-150  loamy sand single grained sharp 
smooth 
2Cr light grey 
5Y7/2 
slightly gravelly firm 
compact 
slightly sticky 
slightly plastic 
 
150-200 many large faint 
yellowish brown 
10YR/6 
mottles 
loamy sand and 
lenses of sandy 
clay loam 
massive abrupt  
smooth 
3C yellowish brown 
10YR5/6 
 weak 
friable 
non sticky 
non plastic 
 
200-230  loamy sand massive abrupt 
wavy 
4C dark yellowish 
brown 
10YR4/6 
moderately 
gravelly 
 
very firm 
moderately sticky 
moderately 
plastic 
 
230-250+  sandy clay massive bottom of the 
hole 
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Figure 59. Eyre stony silt loam (Soil code North Canterbury Highclare Downs P5.6), 
Highclare Downs, Mackenzies Road, Waipara. (Photo by Philip Tonkin). 
 
Glenmark soils 
The Glenmark soils are formed in 50 cm of clay loam and clay textured A and Bt 
horizons overlying gravelly loamy sand or gravelly sands. The coarse alluvium is 
predominantly derived from greywacke sandstone. The distribution of these soils is 
not known but some occur in former channels on the Weka fan surface and others 
have been observed toward the fan margins. The following example (Table 36) was 
located within a few metres of the previously described Glasnevin and Eyre soils.  
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Table 36. Glenmark clay loam on clay. 
Site location NZTopo50BV24 789352, Highclare Downs Farm. Soil code North 
Canterbury Highclare Downs P5.7. Figure 60. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
Matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark  
greyish brown  
10YR3/2 
 firm 
slightly sticky 
slightly plastic 
 
0-20  clay loam strongly 
developed 
medium blocky 
indistinct 
smooth 
Bt greyish brown 
2.5Y5/2 
 very firm 
moderately sticky 
moderately 
plastic 
cutans not noted 
20-50  clay strongly 
developed 
medium and 
coarse blocky 
indistinct 
wavy 
2Bt yellowish brown 
10YR5/4 
very gravelly firm 
compact 
very sticky 
very plastic 
clay coats and 
binds gravels 
50-80  clay massive indistinct 
wavy 
2BCt brown 
10YR5/3 
very gravelly weak 
slightly sticky 
slightly plastic 
clay coats on 
some gravels 
80-140  loamy sand massive to single 
grained 
Diffuse 
2C olive brown 
2.5Y4/3 
very gravelly loose 
non sticky 
non plastic 
 
140-230+  loamy sand single grained bottom of the 
hole 
 
Another Glenmark soil (Table 37) was described and sampled from the south-western 
margin of the Weka fan surface on Maungatahi Farm on Bains Road. This deep profile 
illustrates features commonly found in soils developed in fan sediments. In this profile 
there is evidence of buried soils within the rooting depth of grape vines. The deeper 
of these buried soils was formed in fine textured sediments that maybe either the 
loess that overlies the buried equivalent of the Teviotdale surface or in other instances 
interbedded fine textured alluvium. The buried soil 5b2Bt was not properly exposed, 
so the total thickness was not observed.  
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Figure 60. Glenmark clay loam on clay (Soil code North Canterbury Highclare Downs 
P5.7), Highclare Downs, Mackenzies Road, Waipara. (Photo by Philip Tonkin). 
 
The Glenmark soils on the Weka fan surface differ from the Glenmark soils developed 
on the fan sediments sourced only from the Kowai and Mt Brown Formations together 
any interbedded loess (refer to Chapter 7). The main differences are in the deeper 
subsoil horizons as those soils on the Weka fan surface have clayey Bt horizons over 
gravelly and stony alluvium whereas the other Glenmark soils have finer textured 
deep subsoils with the presence of secondary calcium carbonate in some profiles.  
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Table 37. Glenmark clay loam on clay. 
Site location NZTopo50 BV24 771335, Maungatahi Farm, Bains Road. Soil code North 
Canterbury Maungatahi 1. Figure 61. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark  
greyish brown 
10YR3/2 
 strong 
brittle  
moderately sticky 
moderately 
plastic 
 
0-15  clay loam strongly 
developed coarse 
blocky and 
polyhedral 
distinct 
wavy 
Bt dark yellowish 
brown  
10YR4/4 
 very firm 
deformable 
moderately sticky 
moderately 
plastic 
many 
discontinuous 
faint 
dark yellowish 
brown 10YR4/4  
clay cutans 
15-50  clay strongly 
developed 
medium and  
fine blocky 
abrupt 
wavy 
2Bt dark yellowish 
brown 
10YR4/4 
slightly gravelly very firm 
deformable 
moderately sticky 
moderately 
plastic 
few 
discontinuous 
faint 
dark yellowish 
brown 10YR4/4  
clay cutans 
50-75  clay massive distinct 
wavy 
3C greyish brown 
2.5Y5/2 
slightly stony 
very gravelly 
loose 
non sticky 
non plastic 
 
75-195  loamy sand single grained sharp 
wavy 
4bBw light yellowish 
brown 
2.5Y6/4 
very gravelly firm 
compact 
non sticky 
non plastic 
 
195-225  loamy sand single grained distinct 
wavy 
4bC light yellowish 
brown  
2.5Y6/4 
slightly stony 
very gravelly 
loose 
non sticky 
non plastic 
 
225-240  loamy sand single grained distinct 
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
5b2Bt yellowish brown 
10YR5/6 
 very firm 
brittle 
moderately sticky 
moderately 
plastic 
 
240-270+  clay loam massive bottom of the 
hole 
 
Soil chemistry (Soil code North Canterbury Maungatahi 1) 
Horizon Depth 
cm 
pH 
in water 
pH 
in KCl 
Carbon 
% 
S-SO4 
g/g 
Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-15 5.9 4.5 2.2 0.67 777 297 480 
Bt 15-30 5.5 3.8 1.1 0.07 744 235 509 
Bt 30-50 6.0 4.0 0.5 0.15 473 221 252 
2Bt 50-70 6.2 4.3 0.3 0.21 364 195 169 
3C 70-90 6.7 4.2 0.1 0.20 305 197 109 
3C 90-110 6.6 4.2 0.1 0.30 280 268 12 
3C 110-130 6.9 4.2 0.0 0.34 315 243 72 
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A 0-15 16.2 14.2 88 11.3 1.6 1.2 0.1 
Bt 15-30 11.4 9.6 84 7.2 1.8 0.6 0.1 
Bt 30-50 12.5 11.7 94 8.5 2.7 0.4 0.1 
2Bt 50-70 13.7 14.1 (100) 10.1 3.3 0.6 0.2 
3C 70-90 11.5 11.3 98 8.1 2.5 0.5 0.1 
3C 90-110 12.0 9.7 81 6.8 2.3 0.5 0.1 
3C 110-130 10.6 12.7 (100) 9.4 2.6 0.5 0.2 
The soil chemistry indicates that this is a high fertility soil. The base saturation exceeds one hundred 
percent in two of the subsoil horizons and this may indicate the presence of soluble salts. The soil pH 
(in water) values do not indicate the presence of calcium carbonate but this would need to be 
confirmed.  
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Figure 61. Glenmark clay loam on clay (Soil code North Canterbury Maungatahi 1), 
Maungatahi Farm, Bains Road, Waipara. (Photo by Philip Tonkin). 
 
 
A feature of the depositional history of alluvial fans is the lateral and vertical change 
in the texture of sedimentary layers over short distances and as a result more complex 
soil patterns. From the field data collected from a number of transects on the Weka 
fan surface this would seem to apply. One kilometer east of the Glenmark clay loam 
on clay (Figure 61) on Bains Road, a terrace edge illustrates this variability. In this 
exposure a shallow Glasnevin soil (Figure 62) with a gravelly sandy loam BC horizon 
abruptly overlies a loamy sand 2bBw at 67 cm. This fine textured layer grades to sandy 
loam and sandy clay loam with morphological features interpreted as two 
superimposed buried soils. From 120 cm to 170 cm, gravelly sandy clay loam grades 
into gravelly sandy loam and gravelly loamy sand. Further along in the same terrace 
edge discontinuous lenses of gravelly sandy loam occur between depths of 70 to 120 
cm. This indicates that the sediments in which the buried soils have developed are 
alluvium and not loess. Detailed mapping of the variability of the soil families on the 
Weka fan has not been undertaken but on the information gathered could be 
significant, affecting the distribution and retention of water.  
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Figure 62. Glasnevin soil overlying buried soils in an exposure on the terrace edge of 
the Weka fan surface adjacent to Bains Road (NZTopo50 BV 24 771335), Waipara. 
(Photo by Philip Tonkin). 
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10. Omihi Surface including footslopes and fans 
 
In the Waikari District (Griffiths, 1978) and Omihi Valley the Awapuni soils occur on 
downland footslopes and associated fans where the soils are developed in sediments 
sourced from glauconitic sandstones and mudstones with some contributions from 
limestones and marls. The Awapuni soils merge down slope with the Omihi soils that 
occupy the flatter parts of valley and basin floors in the Waikari District. In the Omihi 
Valley the Omihi soils occur on an extensive terrace, the Omihi Surface, the equivalent 
of the Canterbury Surface in the Waipara Basin. In Waikari District the valley and basin 
floors are at times subject to high ground water tables and occasional flooding 
(Griffiths, 1980). In the Omihi Valley the streams have incised below the Omihi 
Surface. Because of the close association of Awapuni and Omihi soils both are 
described in this Chapter.  
 
Awapuni soils 
Griffiths’ (1978, 1980) first recognized the Awapuni soils in the soil survey of the 
Waikari District. These soils were previously included as part of the Omihi soil set (New 
Zealand Soil Bureau, 1968). They are developed in alluvium and colluvium derived 
from glauconitic sediments varying from sandstones to mudstones with a minor 
contribution from calcareous mudstone (marl) and limestone. They occur along the 
footslopes of the downlands and associated fans and extend out onto the terraces and 
valley floors. The texture of the soils varies, depending on the initial texture of the 
sediments on which they have formed. Griffiths (1978) mapped silt loam, loam and 
sandy loam phases all of which are recorded as having silty clay loam or sandy clay 
loam argillic Bt horizons. Only one soil profile is described fully with soil chemical and 
particle size analyses (Griffiths 1980; pages 79, 58-59, 66). The following soil 
description (Table 38) has been adapted from Griffiths (1980) with changes to the soil 
horizon designations and some changes to the soil morphological terminology. 
 
Table 38. Awapuni silt loam on silty clay loam (Aw1) (after Griffiths, 1980). 
Site location NZTopo50 BV24 743437, situated 800 m east of Fenwicks Road and 200 
m south of the Waikari stream on the flat valley floor north-west of Waikari town. Soil 
Bureau lab number Soil Bureau 8461. 
   
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A1.1 black 10YR2/1  firm  
0-13  silt loam strongly 
developed fine 
polyhedral 
not stated 
A1.2 very dark brown 
10YR2/2  
 hard  
13-23  silty clay loam strongly 
developed fine 
polyhedral 
not stated 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
Bt(f) very dark brown 
10YR2/2 
few fine 
sandstone 
gravels 
very firm  
23-38 few medium 
faint strong 
brown 7.5YR5/6 
mottles 
silty clay loam moderately 
developed 
medium blocky 
and prismatic 
not stated 
2Bt(f) dark olive grey 
5Y3/2 
abundant coarse 
angular gravels 
of sandstone and 
mudstone 
very firm  
38-53 abundant 
medium and 
coarse distinct 
strong brown 
7.5YR5/6 
mottles 
silty clay loam moderately 
developed coarse 
prismatic 
(cracks 2.5cm 
wide and 10 to 15 
cm apart) 
sharp  
3BC olive grey 
5Y4/2 
abundant gravels 
of soft and hard 
limestone and 
sandstone 
firm  
53-64  coarse sandy 
loam 
massive not stated 
4C pale yellow 
5Y5/4 
 weak  
64-69  coarse sandy 
loam 
massive not stated 
5C dark olive grey 
5Y3/2 
many hard 
limestone 
gravels 
firm  
69-81  silt loam massive not stated 
6C olive grey 
5Y4/2 
 friable abundant soft 
and hard lime 
concretions 
81+  sandy loam massive bottom of the 
hole 
 
Soil chemistry (Soil Bureau lab number SB 8461) 
Horizon Depth 
cm 
pH 
in water 
C 
 % 
N 
% 
C/N 0.5 H2SO4 
P 
mg/100g 
% P 
retention 
A1.1 0-10 6.6 3.9 0.35 11 16 11 
A1.2 15-20 6.7 2.5 0.23 11 9 18 
2Bt(f) 41-51 7.8 0.6 0.09 7 8 13 
3BC 56-61 8.2 0.3 0.04 8 22 9 
6C 84-91 8.5 0.1 0.03 3 26 4 
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A1.1 0-10 24.7 21.5 87 17.5 2.7 1.1 0.18 
A1.2 15-20 25.6 22.8 89 17.8 3.5 0.80 0.71 
2Bt(f) 41-51 33.4 32.8 98 23.5 6.3 0.59 2.4 
6C 84-91 27.1 29.5 (100) 20.4 5.7 0.43 3.0 
Not all of the horizons were sampled for chemical analysis. In the presence of calcium carbonate (free 
lime) the base saturation will exceed one hundred percent because of the presence of calcium ions 
released from calcium carbonate and other salts if present. Less than 2% calcium carbonate was 
measured in the A horizons and could be a result of topdressing with lime. 
Particle size of the fraction less than 2 mm as a percentage (Griffiths, 1980). 
Horizon Depth 
Cm 
% clay 
<0.002 mm 
% silt 
0.002 - 0.02 mm 
% fine sand 
0.02 – 0.2 
mm 
% medium 
and coarse  
sand 
0.2 – 2 mm 
A1.1 0-10 34 20 32 12 
A1.2 15-20 46 18 19 15 
Bt(f) 25-36 43 17 37 17 
2Bt(f) 41-51 53 12 25 16 
3BC 56-61 49 16 16 19 
6C 84-91 43 19 24 14 
The particle size analysis is on an organic free basis, so the field texture of the A horizons are given as a 
silt loam in the profile description but the less than 2 mm fraction on an organic free basis has a texture 
of clay loam. 
 
Another example of the Awapuni silt loam on clay loam on clay (Aw1) was described 
and sampled for chemical analysis from the Mountford Vineyard on the eastern side 
of the Omihi Valley (Table 39). This soil was sited on a midslope of the southern 
segment of an incised alluvial fan. 
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Table 39. Awapuni silt loam on clay loam on clay (Aw1). 
Site location NZTopo50 BV24 842344, Mountford Vineyard, Omihi Valley, Waipara. 
Soil code North Canterbury Omihi 3. Figure 63. 
  
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 Matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 weak 
brittle 
slightly sticky 
slightly plastic 
 
0-20  silt loam strongly 
developed 
medium 
polyhedral 
distinct 
smooth 
Bw(f) light yellowish 
brown 
2.5Y6/3 
 firm 
brittle 
moderately sticky 
moderately plastic 
 
20-32 many fine faint 
brownish yellow 
10YR6/6 
mottles 
clay loam weakly developed 
coarse blocky 
distinct 
 wavy 
Bt1 light olive 
brown 
2.5Y5/3  
 
 strong 
semideformable 
very sticky  
very plastic 
few patchy faint 
light olive brown 
2.5Y5/3  
clay cutans 
32-70  Clay moderately 
developed coarse 
prismatic breaking 
to coarse blocky 
indistinct 
Bt2 light yellowish 
brown 
2.5Y6/4 
 
3 thin bands of 
cherty gravels 
firm  
brittle 
very sticky 
very plastic 
few patchy faint 
olive grey 
5Y5/2 
clay cutans 
70-160  Clay weakly developed 
coarse blocky 
indistinct 
C olive 
5Y5/4 
 weak 
semideformable 
moderately sticky 
moderately plastic 
 
160-196  sandy clay loam massive bottom of the 
hole 
Nearby gully side exposures show that this soil and fine textured subsurface layers overlie stony 
medium to coarse sands and loamy sands at a depth of approximately 2 m. The fine stones were a 
mixed assemblage derived from limestone, glauconitic sandstone as well as greywacke sandstone. 
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Soil chemistry (Soil code North Canterbury Omihi 3) 
  
Horizon 
Depth 
cm 
pH  
in water 
pH 
 in KCl 
C 
% 
S-SO4 
g/g 
Total P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-20 5.5 4.4 3.2 4.1 660 240 419 
Bw(f) 20-30 5.9 4.3 0.8 2.7 452 203 248 
Bt1 30-50 6.1 4.0 0.3 1.6 143 66 77 
Bt1 50-70 5.8 3.5 0.1 3.9 186 170 16 
Bt2 70-90 5.7 3.2 trace 2.0 365 280 85 
Bt2 90-100 5.6 3.1 trace 3.8 378 302 75 
Bt2 100-110 5.5 3.2 trace 4.4 394 290 104 
Bt2 110-130 5.4 3.1 trace 4.2 343 246 97 
Bt2 130-150 5.5 3.2 trace 4.5 314 268 46 
Bt2/C 150-170 5.5 3.2 trace 4.7 332 286 47 
C 170-190 5.6 3.4 trace - 299 271 28 
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A 0-20 13.6 9.5 69 7.6 1.1 0.7 0.1 
Bw(f) 20-30 9.3 11.1 (100) 8.8 1.8 0.4 0.1 
Bt1 30-50 18.2 21.9 (100) 15.7 4.7 0.6 0.9 
Bt1 50-70 18.0 19.6 (100) 13.5 4.2 0.5 1.3 
Bt2 70-90 16.2 15.6 97 9.9 3.2 0.4 2.1 
Bt2 90-100 16.2 16.0 99 9.4 3.2 0.5 2.9 
Bt2 100-110 16.0 17.3 (100) 10.3 3.3 0.5 3.3 
Bt2 110-130 17.4 18.6 (100) 10.7 3.8 0.4 3.7 
Bt2 130-150 22.0 22.7 (100) 13.2 4.5 0.4 4.5 
Bt2/C 150-170 19.8 19.5 98 12.1 4.1 0.5 2.8 
C 170-190 18.7 21.6 (100) 12.1 4.1 0.6 4.9 
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Figure 63. Awapuni silt loam on clay loam on clay (Aw1) (Soil code North Canterbury 
Omihi 3), Mountford Vineyard, Omihi Valley, Waipara. (Photo by Philip Tonkin). 
 
The chemistry of this soil profile has a number of unusual features. If there were 
calcium carbonate in the soil the depth trend in pH (in water) would reflect this with 
an increase in pH to values of 7 to 8. Over the depth sampled the pH values (in water) 
do no exceed 5.6 in the lower horizons. However the base saturation exceeded one 
hundred percent in many of the sampled horizons. In the apparent absence of calcium 
carbonate (free lime), the sulphate sulphur values as well as the exchangeable 
calcium, magnesium and sodium values indicate the presence of soluble salts such as 
gypsum in this soil profile. This would be confirmed by further chemical analyses. 
 
The only detailed mapping of Awapuni soils in the Omihi Valley was done for the 
original owners of Muddy Water Vineyard, now part of Greystones Vineyard (Alloway 
and Tonkin 1992). The Awapuni clay (Aw2) soil profile was within the site subsequently 
excavated to form a dam adjacent to the Muddy Water Vineyard winery (Table 40).   
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Table 40. Awapuni clay (Aw2). 
Site location NZTopo50 BV24 836340, Greystones Vineyard, Omihi Valley. Soil code 
North Canterbury Omihi 4. Figure 64. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark brown 
10YR2/2 
 weak brittle 
moderately sticky  
very plastic 
 
0-20  clay strongly developed 
medium and fine 
blocky 
abrupt 
 smooth 
ABg light olive 
brown 
2.5Y5/3 
very dark brown 
10YR2/2 
 firm 
deformable 
moderately sticky 
very plastic  
 
20-36 common fine 
faint 
light yellowish 
brown 
10YR6/4 
mottles 
clay moderately 
developed  coarse 
blocky 
indistinct 
Bt light olive 
brown 
2.5Y5/4 
 very firm 
semideformable 
moderately sticky 
very plastic 
few patchy faint 
clay cutans 
<1mm 
36-80  clay weakly developed 
medium blocky to 
massive 
distinct 
wavy 
2bBt pale olive 
5Y6/3 
 strong 
semideformable 
moderately sticky 
very plastic 
pressure faces 
80-100  clay moderately 
developed coarse 
blocky 
indistinct 
2bBt(f) pale olive 
5Y6/3 
 strong 
semideformable 
moderately sticky 
very plastic 
pressure faces 
100-140 few fine faint 
olive5Y5/6 and 
brown 5YR2/3 
mottles 
clay moderately 
developed coarse 
and medium blocky 
diffuse 
2bBwk1 pale olive 
5Y6/3 
 very firm 
semideformable 
moderately sticky  
very plastic 
common fine 
calcium 
carbonate  
filaments 
140-180 few fine faint 
olive 5Y5/6 and 
brown 5YR2/3 
mottles 
 clay loam 
 
massive indistinct 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2bBwk2 pale olive 
5Y6/3 
 weak brittle 
moderately sticky 
moderately plastic 
few fine calcium 
carbonate 
filaments 
180-190+ few fine faint 
olive 
5Y5/6 
brown 
5YR2/3 
sandy clay loam massive bottom of the 
hole 
Pressure faces on the blocky structure in the 2bBt and 2bBt(f) horizons are the result of seasonal 
swelling and the movement of blocky peds against each other. This makes the recognition of cutans 
difficult as they have been deformed under pressure. 
 
Soil chemistry (Soil code North Canterbury Omihi 4) 
Horizon Depth 
cm 
pH 
in water 
pH in 
KCl 
C 
% 
S-SO4 
g/g 
Total  
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-20 5.8 4.6 2.9 2.5 749.9 331.0 418.9 
ABg 20-36 5.9 4.0 0.6 1.5 452.5 186.5 266.0 
Bt 36-57 5.9 3.7 0.4 0.9 309.8 140.0 169.8 
Bt 57-80 5.5 3.5 0.3 2.7 193.7 125.2 68.5 
2bBt 80-100 5.3 3.4 0.2 18.0 171.2 126.5 44.7 
2bBt(f) 100-120 5.1 3.4 0.1 37.2 187.7 157.8 29.9 
2bBt(f) 120-140 5.2 3.4 0.1 51.5 311.3 251.1 60.2 
2bBwk1 140-160 4.5 3.6 0.1 1130.0 339.5 268.6 70.9 
2bBwk1 160-180 5.1 3.9 trace 672.5 313.3 302.4 10.9 
2bBwk2 180-200 6.0 4.6 0.1 368.5 318.9 329.8 - 
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A 0-20 17.8 18.2 (100) 14.2 3.0 0.6 0.4 
ABg 20-36 23.9 22.1 92.4 18.5 2.0 0.6 1.0 
Bt 36-57 21.8 19.1 87.4 15.3 1.9 0.4 1.5 
Bt 57-80 18.0 16.2 90.2 11.6 2.4 0.4 1.7 
2bBt 80-100 17.4 16.1 92.6 10.3 3.1 0.4 2.2 
2bBt(f) 100-120 20.8 19.4 93.7 13.7 2.3 0.6 2.9 
2bBt(f) 120-140 19.0 18.5 97.5 12.5 2.5 0.6 2.9 
2bBwk1 140-160 19.3 30.9 (100) 23.9 3.2 0.6 3.3 
2bBwk1 160-180 17.5 23.5 (100) 16.6 3.1 0.6 3.2 
2bBwk2 180-200 15.7 19.8 (100) 13.6 2.8 0.6 2.8 
The soil has some unusual chemistry. The soil pH (in water) values do not exceed 6, to the depth 
sampled, indicating the absence of calcium carbonate (free lime). The sulphate sulphur values are 
extremely high in the depth increment from 140-160 cm. This would indicate the presence of gypsum 
in these horizons. Confirmation of the presence of gypsum and other soluble salts as indicated by the 
high exchangeable sodium values in the 2bBt(f) and 2bBwk horizons, requires further chemical analysis.  
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This Awapuni soil (Figure 64) has a composite profile of 80 cm clayey fan alluvium 
(A/ABg/Bt horizons) overlying a buried soil with similar morphological features to an 
Omihi soil formed in the clayey overbank alluvium (Figure 63). This fan is on the 
tectonically uplifted western flank of the Black Anticline.  
 
 
Figure 64. Awapuni clay (Aw2) (Soil code North Canterbury Omihi 4,) Greystones 
Vineyard, Omihi Valley, Waipara. (Photo by Philip Tonkin). 
 
One other soil was described and sampled from the Muddy Water part of the 
Greystones Vineyard. This soil can be regarded as an Awapuni soil inclusion (Aw3), 
(Table 40) but is a distinct soil without the clay textured Bt horizons of the Awapuni 
soils.  This soil was sited on a slightly lower and younger surface incised into the main 
part of the alluvial fan on which the upper part of the Muddy Water Vineyard is sited. 
The site of this soil profile is adjacent to an incised gully on the northern side of the 
vineyard. Soil (Aw3) is developed in layered fine sandy to clayey alluvium. The gravels 
and mottles are easily crushed fragments of weathered glauconitic sandstone and 
mudstone. In a future survey of this vineyard, if this soil (Aw3) was shown to be more 
widely distributed, it would be identified by a different soil name. 
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Table 40. Awapuni soil inclusion Aw3. 
Site location NZTopo50 BV24 835342, Greystones Vineyard, Omihi Valley. Soil code 
North Canterbury Omihi 5. Figure 65. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 weak brittle 
slightly sticky 
slightly plastic 
 
0-20  fine sandy loam moderately 
developed medium  
spheroidal and  
fine blocky 
abrupt 
wavy 
AB(f) light olive brown 
2.5Y5/4 
 very dark 
greyish brown 
10YR3/2 
 strong 
semideformable 
moderately sticky 
moderately plastic 
 
20-40 common 
medium 
prominent 
yellowish red 
5YR5/8 
mottles 
sandy clay loam weakly developed 
coarse blocky 
abrupt 
wavy 
Bw1 olive 
5Y5/3 
 strong 
semideformable 
slightly sticky 
slightly plastic 
 
40-100 dark greyish 
brown 
2.5Y4/2 
vertical humus 
coatings to 
prism faces 
sandy loam weakly developed 
very coarse 
prismatic 
indistinct 
Bw2 pale olive 
5Y6/4 
slightly fine 
gravelly 
strong 
semideformable 
slightly sticky 
slightly plastic 
 
100-110 common fine  
and medium  
distinct 
reddish brown 
5YR3/6 
mottles 
(gravel ghosts) 
sandy loam massive abrupt 
smooth 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2Bw(f) light olive brown 
2.5Y5/4 
olive 
5Y5/4 
 weak brittle 
moderately sticky 
moderately plastic 
 
110-175 few coarse 
distinct 
yellowish red 
5YR4/8 
concretions 
(gravel ghosts) 
clay loam massive bottom of the 
hole 
 
Soil chemistry (Soil code North Canterbury Omihi 5) 
Horizon Depth 
cm 
pH 
in water 
pH  
in KCl 
C 
% 
S-SO4 Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-18 5.8 4.4 1.8 1.3 415.1 153.7 261.4 
AB(f) 18-42 6.0 4.2 0.6 0.7 184.8 72.6 112.2 
Bw1 42-60 5.7 3.8 0.4 2.6 154.7 55.9 98.8 
Bw1 60-80 5.5 3.5 0.4 7.5 171.0 83.7 87.3 
Bw1 80-100 5.3 3.4 0.3 13.2 153.3 97.1 56.2 
Bw2 100-110 5.3 3.3 0.2 18.7 160.0 100.7 59.0 
2Bw(f) 110-130 5.2 3.4 0.3 24.1 132.0 86.3 46.0 
2Bw(f) 130-150 5.4 3.4 0.3 14.7 340.9 248.9 92.0 
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A 0-18 8.3 5.3 64 4.1 0.8 0.2 0.2 
AB(f) 18-42 7.9 6.1 78 3.8 1.9 0.1 0.4 
Bw1 42-60 11.1 9.4 86 4.4 3.4 0.2 1.4 
Bw1 60-80 11.8 10.0 85 4.1 3.4 0.2 2.3 
Bw1 80-100 10.8 8.8 82 3.1 2.6 0.1 2.9 
Bw2 100-110 10.9 8.8 81 3.2 2.6 0.1 2.9 
2Bw(f) 110-130 9.8 8.8 90 2.9 2.5 0.1 3.3 
2Bw(f) 130-150 11.1 9.6 87 3.1 2.6 0.1 3.8 
2Bw(f) 150-175 11.1 9.9 90 3.7 2.8 0.2 3.3 
This soil has low pH (in water) values in the subsoil and again high sulphate sulphur values in the 
increments below 100 cm depth. The high exchangeable sodium values indicate the presence of soluble 
salts. 
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Figure 65. Awapuni soil inclusion Aw3 (Soil code North Canterbury Omihi 5), 
Greystones Vineyard, Omihi Valley, Waipara.  (Photo by Philip Tonkin). 
 
 
The Awapuni soils are classified as Mottled-argillic Orthic Melanic Soils in the New 
Zealand soil classification (Hewitt, 2010).  
 
Omihi soils 
The Omihi soils were first recognized in the Omihi Valley during the General Survey of 
the Soils of the South Island (New Zealand Soil Bureau, 1968), and a more detailed 
description of these soils is given in Griffiths (1978, 1980). The largest area of these 
soils in the Waikari District occupies a low-lying basin, subject to high ground water 
tables. The soils are described as having developed in alluvium derived from 
limestone, marls, calcareous sandstone, and glauconitic sandstone. Of these sources, 
the marls and glauconitic sediments contribute most to the upper fine textured 
horizons of these soils and the other sediments can be recognized in the more sandy 
and sometimes stony sands of the underlying layers. These coarser textured 
sediments contain calcium carbonate (limestone) as sand and coarser particles 
throughout. The soils have a clay loam A horizon that is strongly structured overlying 
clay loam to clay textured argillic Bt horizons. The argillic Bt horizons contain swelling 
clays and the soils are noted for their seasonal shrinkage and swelling. This is 
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evidenced by polygonal patterns of vertical cracks that at times extend to the soil 
surface forming coarse prisms than break into secondary blocky structures. In the 
lower part of the soil profile secondary accumulations of powdery and nodular calcium 
carbonate are a distinctive feature forming the Bwk or 2Ck horizons.  
 
In the Waikari District Griffiths (1978) mapped two Omihi soils, Omihi clay loam and 
Omihi peaty clay loam. These soils were given symbols of Om and Om1 respectively in 
the legend and soil map of the Waikari District. The Omihi peaty clay loam is restricted 
to a small area of the Waikari basin floodplain. The largest area of the Omihi soils is in 
the Omihi Valley on the Omihi Surface, an equivalent aged surface to the Canterbury 
Surface in the Waipara Basin. The Waipara River and tributary streams of this area 
have incised into these surfaces, lowering ground water tables and risk of flooding. As 
noted in the discussion on the landscape history of North Canterbury there is some 
fossil evidence in the Omihi Valley (Harris, 1982) that the clayey sediments on which 
the Omihi soils have developed were deposited in floodplain and shallow lake 
environments. 
 
Only one soil profile is described fully with soil chemical and particle size analyses in 
the Waikari District (Griffiths 1980; pages 82, 56-57, 66). This soil description (table 
41) has been adapted from Griffiths (1980) with changes to the soil horizon 
designations and some changes to the soil morphological terminology. The sediments 
on which this soil was developed are described as limestone, marls and glauconitic 
sandstone. The surface is flat and the drainage at this site was poor and has been 
improved by a network of drains. Griffiths (1978) used the map symbol Om for the 
Omihi clay loam on clay and in this report this soil is given the code Om1. 
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Table 41. Omihi clay loam on clay (Om1). 
Site location NZTopo50 BV24 739447, Waikari district, 600 m east of Fenwicks Road 
and 30 m north of the main drain. Soil Bureau lab number 8460. Soil code North 
Canterbury Omihi 1 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A1.1 black 
10YR2/1 
 firm  
0-5  clay loam strongly 
developed fine 
polyhedral and 
spheroidal 
not stated 
A1.2 black 
10YR2/1 
 hard (dry)  
5-15  clay loam strongly 
developed coarse 
prismatic and  
fine blocky 
not stated 
A1.3 black 
10YR2/1 
many yellowish 
brown 10YR5/6 
fine gravels of 
weathered 
sandstone 
firm  
15-28  clay loam moderately 
developed coarse 
prismatic 
not stated 
Bw very dark greyish 
brown 
2.5Y3/2 
 very firm  
28-36  clay loam moderately 
developed coarse 
prismatic  
not stated 
Bt(f) dark olive grey 
5Y3/2 
 very firm many clay cutans 
36-51 few fine distinct 
strong brown 
7.5YR5/6 
mottles and 
concretions 
clay loam moderately 
developed coarse 
prismatic and 
blocky  
not stated 
Btkc olive 
5Y4/4 
 very firm abundant clay 
cutans 
few soft calcium 
carbonate 
concretions 
51-76  clay moderately 
developed coarse 
prismatic 
not stated 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
Btk(f) olive 
5Y4/4 
 very firm abundant clay 
cutans and 
fine and medium 
soft and hard 
calcium 
carbonate 
concretions 
76-112 abundant fine 
distinct strong 
brown 7.5YR5/6 
mottles 
clay moderately 
developed coarse 
prismatic and 
blocky 
sharp boundary 
2Ck dark olive grey 
5Y3/2 
 firm abundant calcium 
carbonate 
concretions 
On  sandy clay loam massive bottom of the 
hole 
 
Soil chemistry (Soil Bureau lab number SB 8460) 
Horizon Depth 
cm 
pH 
in water 
C 
% 
N 
% 
C/N 0.5M 
H2SO4 
P 
P 
retention 
% 
CaCO3 
% 
A1.1 0-5 6.9 7.3 0.8 10 80 12 0.0 
A1.2 8-13 7.3 7.2 0.7 10 75 12 0.1 
A1.3 18-25 7.8 3.3 0.5 7 57 19 0.1 
AB 28-33 8.1 1.7 0.2 8 87 24 0.1 
Btkc 53-61 8.4 1.0 0.2 6 106 15 0.2 
Btk(f) 99-107 8.4 0.8 0.1 7 53 16 0.2 
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A1.1 0-5 54.4 55.9 (100) 48.0 5.3 2.3 0.3 
A1.2 8-13 55.1 56.8 (100) 49.3 5.3 1.8 0.4 
A1.3 18-25 54.2 56.8 (100) 49.1 6.0 1.0 0.7 
AB 28-33 50.4 53.6 (100) 45.5 6.1 1.0 1.0 
Btkc 53-61 48.1 52.5 (100) 43.9 6.0 1.0 1.4 
Btk(f) 99-107 40.0 41.5 (100) 34.5 5.1 0.9 0.8 
Not all of the horizons were sampled for chemical analysis. In the presence of calcium carbonate (free 
lime) the base saturation will exceed one hundred percent because of the presence of calcium ions 
released from calcium carbonate and other salts if present.  
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Horizon Depth 
cm 
% clay 
<0.002 mm 
% silt 
0.002 - 0.02 mm 
% fine sand 
0.02 – 0.2 
mm 
% medium 
and coarse  
sand 
0.2 – 2 mm 
A1.1 0-5 49 37 13 1 
A1.1 8-13 52 35 11 1 
A1.2 18-25 71 25 3 0 
AB 28-33 83 15 2 1 
Bt(f) 38-48 82 15 3 1 
Btck 53-61 83 15 2 1 
Bt(f)k1 76-86 77 15 7 1 
Bt(f)k1 99-107 65 15 17 2 
Bt(f)k/2Ck 107-117 35 18 38 9 
The particle size analysis is on an organic free basis. 
Clay analysis of this soil profile indicated that dominant clay in the Bt horizons is the 
swelling smectite clay called montmorillonite together with subordinate proportions 
of other micaceous clays. The presence of this swelling clay accounts for the tendency 
of these soils to shrink and swell with seasonal changes in water content with the 
consequent development of deep polygonal cracking patterns that are visible at the 
soil surface. 
Two Omihi clay loam on clay soils (Om1) were described and sampled in the Omihi 
Valley. The first soil was located on the Omihi Surface in the center of Waipara Springs 
Vineyard (Table 42). Calcium carbonate is present in the deeper subsoil horizons of 
this profile together with small fossil land snail shells. The second soil was located on 
an eastern uplifted segment of the Omihi surface, on the flank of the evolving Black 
Anticline (Smith, 1989). This site is on the northern side of the Yellow Rose gully along 
the Mt Cass Road (Table 43). Both soils are developed in 1 to 2 metres of clay loam 
and clay overlying coarse sandy and stony sediments. The underlying sediments have 
calcium carbonate as fine particles and stone fragments.  
 
The lower part, from 180 cm to 250 cm (horizons 2C to 4C), of the first soil profile 
(Table 42) was examined using a soil auger to drill into the floor of the pit. This profile 
is interpreted as forming in clayey overbank floodplain deposits overlying sandy and 
in places gravelly alluvial deposits (Figure 14). The nature of the alluvium underlying 
this terrace is exposed in road cuttings where the highway crosses Omihi and Hut 
Creeks. The Kawakawa tephra was recorded at a depth of 4 m from the terrace surface 
at a site on the west side of the Omihi stream (NZTopo50 BV24 816328) (Nicol et al., 
1994) and within a few metres of the Omihi Surface elsewhere in the Omihi Valley 
(Figures 8 and 15). The drainage of these soils varies with the season and for most of 
the year they are moderately well drained. 
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Table 42. Omihi clay loam on clay (Om1). 
Site location NZTopo50 BV24 823347, Waipara Springs Vineyard. Soil code North 
Canterbury Omihi 2. Figure 66. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
 firm 
semideformable 
moderately sticky 
moderately plastic 
 
0-20  clay loam strongly developed 
medium 
polyhedral and 
blocky 
indistinct 
wavy 
AB very dark 
greyish brown 
10YR3/2 
light yellowish 
brown 2.5Y6/4 
 firm 
semideformable 
moderately sticky 
moderately plastic 
 
20-30  clay loam strongly developed 
coarse prismatic 
indistinct 
wavy 
Bt1 light yellowish 
brown 
2.5Y6/4 
 very firm 
deformable 
very sticky 
very plastic 
pressure faces 
30-55  clay strongly developed 
coarse prismatic 
indistinct 
wavy 
Bt2 dark olive 
5Y4/3 
pale olive 
5Y6/3 
 hard (dry) 
deformable 
very sticky 
very plastic 
pressure faces 
55-100  clay strongly developed 
coarse prismatic 
indistinct  
wavy 
Bt3 pale olive 
5Y6/3 
 hard (dry) 
deformable 
very sticky 
very plastic 
pressure faces 
100-110  clay moderately 
developed 
medium blocky 
distinct 
wavy 
Bwk pale yellow 
5Y8/2 and 
pale olive  
5Y6/3 
 firm 
semideformable 
slightly sticky 
slightly plastic 
5Y8/2 filaments 
and tubes of 
calcium 
carbonate 
rare fossil land 
snail shells 
110-140  clay loam moderately 
developed 
medium and fine 
blocky 
indistinct  
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
Ck(f) pale olive 
5Y6/3 
 firm 
semideformable 
slightly sticky 
slightly plastic 
reaction with 
acid 
140-180 many medium 
distinct 
yellowish brown 
10YR5/6 mottles 
clay loam massive distinct 
smooth 
2C pale olive 
5Y6/3 
 firm 
friable 
non sticky 
non plastic 
reaction with 
acid 
180-190  sandy loam massive indistinct 
3C olive 
5Y5/4 
 weak 
friable 
non sticky 
non plastic 
 
190-230  loamy sand single grained bottom of the 
hole 
Pressure faces on the prismatic and blocky structures of the Bt horizons are caused by seasonal swelling 
and pressure deforming cutans and masking their recognition. 
 
Soil chemistry (Soil code North Canterbury Omihi 2) 
Horizon Depth 
cm 
pH 
in water 
pH 
in CaCl2 
C 
% 
Total 
soluble 
salts 
mS/cm 
Clay 
% 
Silt 
% 
Sand 
% 
A 0-10 5.8 5.5 2.8 0.09 24 58 18 
A 10-20 6.0 5.0 1.8 - - - - 
AB 20-30 6.1 5.1 0.70 0.04 - - - 
Bt1 30-40 6.7 5.7 0.4 - 43 49 8 
Bt1 40-50 7.2 6.3 0.3 0.05 - - - 
Bt1/Bt2 50-60 7.3 6.5 - - - - - 
Bt2 60-70 7.3 6.6 - 0.09 50 44 6 
Bt2 70-80 7.2 6.4 - - - - - 
Bt2 80-90 7.3 6.6 - 0.14 - - - 
Bt2 90-100 7.6 6.9 - - 47 50 3 
Bt3 100-110 7.9 7.2 - 0.37 - - - 
Bwk 110-120 8.2 7.5 - - 38 57 5 
Bwk 120-130 8.1 7.5 - 0.60 - - - 
Bwk 130-140 8.3 7.6 - - - - - 
Ck(f) 140-150 8.1 7.5 - 0.80 - - - 
Ck(f) 150-160 8.2 7.6 - - - - - 
Ck(f) 160-170 8.2 7.6 - 0.80 - - - 
2C 170-180 8.2 7.5 - - - - - 
3C 180-190 8.1 7.5 - 0.55 - - - 
3C 190-200 8.0 7.4 - - - - - 
3C 200-210 8.2 7.4 - 0.34 - - - 
3C 210-220 8.1 7.5 - - - - - 
3C 220-230 8.1 7.5 - 0.40 - - - 
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Horizon Depth 
cm 
pH 
in water 
pH 
in CaCl2 
C 
% 
Total 
soluble 
salts 
mS/cm 
Clay 
% 
Silt 
% 
Sand 
% 
3C 230-240 8.1 7.6 - - - - - 
3C 240-250 8.0 7.7 - 0.28 -- - - 
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A 0-10 13.0 13.0 (100) 8.3 2.3 1.6 0.8 
A 10-20 12.6 11.8 94 7.8 2.3 1.1 0.7 
AB 20-30 19.0 18.0 95 11.9 4.6 0.8 0.6 
Bt1 30-40 23.7 23.4 98 15.2 6.5 0.6 1.0 
Bt1 40-50 30.2 29.7 98 18.6 8.5 0.7 2.0 
Bt1/Bt2 50-60 33.0 31.9 97 19.6 9.11 0.7 2.5 
Bt2 60-70 34.9 33.6 96 19.9 9.4 0.8 3.5 
Bt2 70-80 36.5 36.4 (100) 21.1 10.1 1.0 4.2 
Bt2 80-90 36.2 37.0 (100) 21.3 9.9 1.0 4.9 
Bt2 90-100 37.4 38.2 (100) 21.1 10.1 1.3 5.8 
Bt3 100-110 36.5 37.2 (100) 19.4 9.9 0.9 7.0 
Bwk 110-120 33.4 36.3 (100) 19.2 8.9 0.9 7.3 
Bwk 120-130 34.2 37.4 (100) 20.6 8.9 0.7 7.1 
Bwk 130-140 37.2 32.7 88 18.8 7.1 0.6 6.2 
C(f)k 140-150 21.9 27.9 (100) 15.5 5.6 0.5 6.4 
C(f)k 150-160 18.4 23.1 (100) 13.2 4.4 0.3 5.2 
C(f)k 160-170 18.4 23.2 (100) 13.3 4.5 0.4 5.0 
2C 170-180 16.0 20.3 (100) 11.7 3.8 0.4 4.3 
3C 180-190 14.1 18.4 (100) 10.8 3.4 0.4 3.7 
3C 190-200 12.4 15.9 (100) 9.6 2.8 0.3 3.2 
3C 200-210 13.3 15.7 (100) 9.6 2.9 0.4 2.8 
3C 210-220 13.6 15.9 (100) 9.5 3.0 0.3 2.9 
3C 220-230 10.6 15.7 (100) 9.8 2.8 0.3 2.8 
3C 230-240 12.0 16.3 (100) 10.2 3.2 0.4 2.6 
3C 240-250 12.9 17.6 (100) 11.6 3.1 0.4 2.5 
This soil was sampled at 10 cm depth increments. In the presence of calcium carbonate (free lime) the 
base saturation will exceed one hundred percent because of the presence of calcium ions released from 
calcium carbonate and other salts if present. The measure of Total Soluble Salts shows an increase in 
the same depth increments as the higher values for exchangeable sodium, suggesting that gypsum may 
be one of soluble salts present. The measurement of sulphate sulphur would confirm this. 
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Figure 66. Omihi clay loam on clay (Om1) (Soil code North Canterbury Omihi 2), 
Waipara Spings Vineyard, Omihi Valley. (Photo by Philip Tonkin). 
 
In the Waipara Springs Vineyard the Omihi soils were mapped in 1977 by Laura 
Griffiths (incomplete postgraduate study) into three depth classes distinguished by 
the thickness of the clay Bt horizons and the depth to the Bwk, Bk or Bkm and/or 2C 
horizons. The deepest class (Figure 66) had a Bt horizon extending to greater that 110 
cm depth. In the moderately deep class Bt horizons did not extend below 100-110 cm 
and was underlain by a Bk or Bkm horizon formed above or across the boundary to 
the underlying gravelly loamy sand 2C horizon. The least common was the shallow 
class of Omihi soils where the Bt horizon extended to less than 80-90 cm and overlay 
a  loamy Bk or Bkm horizon overlying a gravelly loamy sand 2C horizon (Figure 67). 
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Figure 67. Omihi clay loam on clay (Om1) Waipara Springs Vineyard, Omihi Valley 
Waipara.  Photo Philip Tonkin.  
 
The second Omihi clay loam on clay (Om1) was described and sampled in a farm 
paddock on the northern side of Yellow Rose Creek adjacent to the Mt Cass Road. This 
soil description (Table 43) has been adapted from Smith (1989) with changes to the 
soil horizon designations and some changes to the soil morphological terminology. 
 
The A and Bt horizons are formed in clayey overbank sediments that were interpreted 
as loess by Smith (1989). The stones in the 2Bwk and 3Ck horizons are predominantly 
fragments of subrounded limestone. This site is at a higher elevation than the 
equivalent surface in the central part Omihi Valley. This part of the Omihi Surface was 
uplifted by deformation along the axis Black Anticline in the past ca. 12±2 thousand 
years before present (Nicol et al., 1994).  
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Table 43. Omihi clay loam on clay (Om1). 
Site location NZTopo50 BV24 827307, Yellow Rose, Mt Cass Road, Waipara, North 
Canterbury. Soil code North Canterbury Omihi 6. Figure 68. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark grey 
2.5Y3/1 
 weak 
semideformable 
moderately sticky 
moderately plastic 
 
0-30  clay loam strongly developed 
medium polyhedral 
and spheroidal 
indistinct 
AB very dark grey 
2.5Y3/1 
olive brown 
2.5Y4/3 
 firm 
semideformable 
very sticky  
very plastic 
 
30-40  clay strongly developed 
medium  and 
coarse polyhedral 
indistinct 
Bt light olive 
brown 
2.5Y5/4 
 firm 
semideformable 
very sticky  
very plastic 
faint 
discontinuous 
humus clay cutans 
40-70  clay strongly developed 
coarse blocky 
distinct 
undulating 
2Bwk light olive 
brown 
2.5Y5/4 
 white 
5Y8/1 
slightly gravelly firm brittle  
slightly sticky  
slightly plastic 
filamentous 
calcium carbonate 
70-130  clay loam massive indistinct 
3Ck light yellowish 
brown 
2.5Y6/2 
white 
5Y8/1 
moderately 
gravelly 
firm brittle 
non sticky  
non plastic 
limestone gravels 
throughout 
130-150  loamy sandy massive bottom of the 
hole 
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Soil chemistry (taken from Smith, 1989) (Soil code North Canterbury Omihi 6) 
Horizon Depth 
cm 
pH 
in water 
pH 
in CaCl2 
Loss on 
ignition 
% 
Total 
P 
g/g 
Acid 
soluble + 
Organic 
P 
g/g 
CaCO3 
% 
A 0-10 5.6 5.0 7.0 68 63 0.2 
A 10-20 5.4 4.6 4.9 58 53 0.8 
A 20-30 5.4 5.1 3.8 48 44 0.0 
AB 30-40 5.4 5.0 4.0 36 31 0.0 
Bt 40-50 5.4 5.1 3.3 46 41 0.0 
Bt 50-60 5.5 5.2 3.0 75 71 0.5 
Bt 60-70 5.7 5.0 2.7 81 78 0.9 
2Bwk 70-80 5.9 5.6 2.6 82 81 2.7 
2Bwk 80-90 7.7 7.1 2.3 82 80 2.6 
2Bwk 90-100 8.0 7.4 2.7 84 84 7.4 
2Bwk 100-110 8.3 7.5 2.7 85 86 14.5 
2Bwk 110-120 8.3 7.5 2.5 87 92 14.1 
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A 0-10 25.7 99 22.5 2.3 0.4 0.3 
A 10-20 25.9 99 23.2 1.7 0.3 0.3 
A 20-30 14.3 98 11.9 1.5 0.3 0.3 
AB 30-40 30.6 99 28.2 1.5 0.6 0.3 
Bt 40-50 28.1 99 26.1 1.1 0.2 0.3 
Bt 50-60 45.8 99 44.0 0.9 0.3 0.3 
Bt 60-70 54.7 99 53.0 0.8 0.3 0.3 
2Bwk 70-80 60.6 99 58.5 1.0 0.2 0.3 
2Bwk 80-90 64.5 98 61.5 1.0 0.2 0.3 
2Bwk 90-100 59.7 99 57.8 0.8 0.2 0.5 
2Bwk 100-110 65.1 99 62.7 1.3 0.2 0.5 
2Bwk 110-120 64.4 (100) 62.1 1.4 0.2 0.5 
This soil was sampled in 10 cm depth increments. Loss on ignition % is a more direct but less accurate 
method for measuring the organic matter content of a soil. Cation exchange values were not reported. 
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Figure 68. Omihi clay loam on clay (Om1) (Soil code North Canterbury Omihi 6), 
Yellow Rose, Waipara. (Photo by Philip Tonkin). 
 
In 2014, two Omihi soils were excavated and described on the Greystones Vineyard as 
part of a field trip illustrating the diversity of soils in vineyards along the eastern part 
of the Waipara Basin and Omihi Valley. The two soil pits on Greystones Vineyard 
illustrate the lateral variation in the texture of the floodplain sediments in which the 
Omihi soils have formed. A typical feature of floodplains with a meandering stream 
pattern is for the coarser sediments to be deposited adjacent to the channel with the 
finer more clayey sediments deposited in flood basins and shallow lakes further from 
the channel. Of the two soil sites excavated on Greystones Vineyard, one (Figure 69) 
was adjacent to the terrace edge of the incised Omihi stream and the other (Figure 
70) was on the eastern margin of the Omihi terrace surface adjacent to the footslope 
of the eastern hills. 
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Table 44. Omihi silt loam on clay loam and sandy clay. 
Site location NZTopo50 BV24 334824, Greystones Vineyard, Omihi Valley. Soil code 
North Canterbury GrOm1. Figure 69. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
 greyish brown 
10YR3/2 
 firm  
brittle 
non sticky 
slightly plastic 
 
0-30  silt loam strongly 
developed 
medium and 
coarse blocky and 
polyhedral 
indistinct 
smooth 
AB(f) greyish brown 
2.5Y5/2 
very dark  
greyish brown 
10YR3/2 
 firm  
brittle 
moderately sticky 
moderately 
plastic 
 
30-40 few very fine 
faint  
strong brown 
7.5YR5/6 
mottles 
clay loam strongly 
developed 
medium and 
coarse blocky and 
polyhedral 
distinct 
irregular 
Bt1 light olive 
brown 
2.5Y5/3 
 firm  
brittle 
moderately sticky 
moderately 
plastic 
few discontinuous 
faint brown  
7.5YR4/2  
clay cutans 
40-80  sandy clay strongly 
developed very 
coarse and coarse 
prismatic and 
coarse blocky 
diffuse 
Bt2 light olive 
brown 
2.5Y5/3 
 firm brittle 
slightly sticky 
moderately 
plastic 
few discontinuous 
faint brown  
7.5YR4/2  
clay cutans 
80-125  sandy clay loam 
 
weakly developed 
very coarse 
prismatic to 
massive 
indistinct 
smooth 
2Ck olive 
5Y5/4 
 slightly firm  
brittle 
slightly sticky 
moderately 
plastic 
veins of light grey 
2.5Y8/2  
calcium carbonate 
125-140+  sandy clay loam 
and patches of 
loamy fine sand 
massive and 
patches that are 
single grained 
bottom of the 
hole 
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Soil Chemistry (Hill Laboratories Hamilton Lab number 13267, Code GrOm1) 
Horizon Depth 
cm 
pH 
1:2 in 
water 
Phosphate 
extractable 
S-SO4 
mg/kg 
Olsen 
Phosphorus 
mg/L 
A 0-10 6.6 3 44 
A 10-20 6.6 2 30 
A 20-30 6.3 <1 34 
BAf 30-40 6.0 1 38 
Bt1 40-50 6.9 2 25 
Bt1 50-60 6.7 1 24 
Bt1 60-70 7.0 <1 28 
Bt1 70-80 7.4 1 28 
Bt2 80-90 7.3 1 21 
Bt2 90-100 7.2 2 20 
Bt2 100-110 6.9 3 23 
Bt2 110-120 6.9 5 20 
2Ck 130-140 7.4 5 6 
2Ck 140-150 9.1 7 5 
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A 0-10 19 88 13.3 1.7 1.7 0.3 
A 10-20 16 82 10.7 1.3 0.8 0.3 
A 20-30 14 69 7.4 1.2 0.4 0.4 
BAf 30-40 14 69 7.4 1.6 0.3 0.5 
Btg1 40-50 20 82 12.5 3.1 0.4 0.8 
Btg1 50-60 17 84 10.3 2.9 0.3 0.9 
Btg1 60-70 15 88 9.3 2.7 0.3 1.0 
Btg1 70-80 16 90 9.8 2.8 0.3 1.3 
Btg2 80-90 16 90 9.9 2.9 0.3 1.8 
Btg2 90-100 15 90 8.9 2.6 0.3 2.1 
Btg2 100-110 14 89 7.7 2.3 0.3 2.4 
Btg2 110-120 13 88 6.9 2.0 0.3 2.5 
2Ck 130-140 13 91 7.0 2.1 0.3 2.9 
2Ck 140-150 18 100 12.5 2.1 0.3 3.4 
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Figure 69. Omihi silt loam on clay loam and sandy clay (GrOM1), Greystones Vineyard, 
Omihi Valley. (Photo by Carol Smith). 
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Table 45. Omihi clay. 
Site location NZTopo50 BV24 326826, Greystones Vineyard, Omihi Valley. Soil code 
North Canterbury GrOm2. Figure 70. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
fragmental 
matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark grey 
2.5Y3/1 
 hard (dry) 
very sticky 
very plastic 
 
0-20  clay strongly 
developed 
extremely coarse 
prismatic and 
coarse blocky 
distinct 
irregular 
Bt1 olive grey 
5Y4/2 and olive 
5Y5/3 
 hard (dry) 
very sticky 
very plastic 
many patchy 
distinct  
very dark grey 
5Y3/1  
humus clay 
coatings on 
prisms 
20-60  clay strongly 
developed 
extremely coarse 
prismatic and 
coarse blocky 
diffuse 
Bt2 olive grey 
5Y5/2 
 hard (dry) 
very sticky 
very plastic 
few patchy 
distinct  
very dark grey 
5Y3/1  
humus clay 
coatings on 
prisms 
60-90  clay strongly 
developed coarse 
blocky 
indistinct 
smooth 
Ckc light olive grey 
5Y6/2 
 firm 
moderately sticky 
very plastic 
common patchy 
white 2.5Y8/1 
calcium 
carbonate 
rounded nodules 
and coatings 
90-140  silty clay massive bottom of the 
hole 
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Soil chemistry (Hill Laboratories Hamilton Lab number 1326765, Code GrOm2) 
Horizon Depth 
cm 
pH 
1:2 in 
water 
Phosphate 
extractable 
S-SO4 
mg/kg 
Olsen 
Phosphorus 
mg/L 
A 0-10 6.5 4 19 
A 10-20 6.4 1 9 
Bt1 20-30 6.5 1 8 
Bt1 30-40 6.4 1 8 
Bt1 40-50 6.7 2 10 
Bt1 50-60 6.6 2 9 
Bt2 60-70 5.8 3 8 
Bt2 70-80 6.5 5 6 
Bt2                                                                                          80-90 8.0 10 4 
Ckc 90-100 8.4 17 3 
Ckc 100-110 8.4 23 4 
Ckc 120-130 8.4 33 5 
Ckc 130-140 8.5 35 6 
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A 0-10 29 84 19.6 3.6 0.7 0.5 
A 10-20 33 85 22.1 4.4 0.5 0.8 
Bt1 20-30 36 88 24.9 5.3 0.5 1.1 
Bt1 30-40 38 89 26.5 5.7 0.4 1.5 
Bt1 40-50 40 88 26.8 5.5 0.4 1.9 
Bt1 50-60 39 83 25.0 5.0 0.4 2.1 
Bt2 60-70 38 83 24.0 4.7 0.4 2.4 
Bt2 70-80 40 90 27.1 5.1 0.3 3.1 
Bt2 80-90 43 100 35.4 4.1 0.3 2.8 
Ckc 90-100 44 100 38.0 3.5 0.4 2.6 
Ckc 100-110 45 100 38.0 3.4 0.4 2.7 
Ckc 120-130 47 100 39.8 3.7 0.5 3.2 
Ckc 130-140 46 100 38.6 3.6 0.5 3.1 
Soil pH’s above 8 and base saturations of 100 percent indicate either the presence of soluble salts or 
the presence of free lime. The latter is confirmed by the presence of calcium carbonate nodules and 
filaments in the lower horizons. 
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Figure 70. Omihi clay (GrOm2), Greystones Vineyard, Omihi Valley. (Photo by Carol 
Smith). 
 
The Omihi soils are classified as Calcareous Vertic Melanic Soils, Mottled-calcareous 
Vertic Melanic Soils, Mottled-argillic Orthic Melanic Soils and Mottled Orthic Melanic 
Soils (Hewitt, 2010). The Mottled-calcareous Vertic Melanic Soils have been assigned 
to the Omihi family and the Mottled Orthic Melanic Soils have been assigned to the 
Awapuni family in Smap.  
The Awapuni and Omihi soils are mapped as a single unit in Smap indicating that they 
have been mapped as complex unit in which the Omihi soils are the dominant family 
(Figure 20). Future more detailed mapping of these soils may confirm their 
topographic separation and that the Awapuni soils lack the accumulation of secondary 
calcium carbonate in the deep subsoil that is a more constant and distinctive feature 
of the Omihi soils.  
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11. River Terraces 
The terraces of the Waipara River vary in number from one side of the river to the 
other and are typical of unpaired degradational terraces. There is a deposit of fine 
alluvium grading to stony alluvium of varying thickness up to a few metres, overlying 
an erosion surface (strath) cut into older deposits. Over most of the length of the 
Waipara River east of Waipara West Vineyard on Ram Paddock Road, these older 
deposits are either the slightly weathered Canterbury Gravels or the consolidated 
moderately weathered clay bound Teviotdale Gravels (Figure 71). Terraces also occur 
along the lower part of the Weka and Omihi streams and to a lesser extent along some 
of the other smaller ephemeral streams that are tributaries of the Waipara River. All 
of these streams have eroded their channels as the Waipara River incised. 
 
 
Figure 71. A floodplain terrace edge on the northern side of the Waipara River with 
Rangitata soils developed in recent gravel alluvium overlying an erosion surface on the 
Teviotdale Gravels. Site location Topo50 BU24 768316. (Photo by Matt Dodson). 
 
Following the conventions for mapping the soils along the river terraces in mid and 
south Canterbury, each of the terraces is recognized as a different geomorphic surface 
and the soils are given a different name. Trevor Webb in revising the mapping the soils 
of North Canterbury has used the soil names from the terraces along the rivers of 
Canterbury.  
 
Little is known about the way in which the rivers have incised to form their valleys 
across the plains (Figure 16). Based on a very few studies it is likely that the uppermost 
of the degradational terraces on which the Eyre soils are mapped are closer in age to 
that of the Glasnevin soils on the Canterbury Surface. In contrast the most recent 
incision of the Waipara River to form a number of lower terraces may have happened 
over a short interval of time, of a thousand to possibly just a few hundred years. If this 
were the case, the soils formed on these terraces would have very similar soil profile 
features. The lowest of the terraces may be within the flood reach of the Waipara 
River and receive additions of fine sediments from time to time. A feature of these 
soils is the open porous nature of the stony subsoils with a sand matrix. 
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A study of soils on terraces on the southern side of the Waipara River (Webb, 2001) 
recorded the depths to the underlying Teviotdale Gravels as between; 2.5 to 4 metres 
below the Canterbury Surface with Glasnevin soils, between 0.7 to 2.5 m below the 
degradational terraces with Eyre and Rakaia soils and less than 2 m below the 
floodplain terraces with Rangitata soils.  
Eyre soils 
The Eyre soils were first recognized in the survey of the Downs and Plains of 
Canterbury (Kear et al., 1967). In this survey Eyre soils were mapped in three soil 
types; Eyre stony silt loam and shallow silt loam (32), Eyre stony sandy loam and 
shallow sandy loam (32a) and Eyre very stony sandy loam and very stony silt loam 
(32b). The numbers in brackets refer to the numbers used on the soil maps of the 
Downs and Plains of Canterbury. Eyre soils are of limited extent and mostly occur on 
the uppermost of the flight of degradational terraces on the either side of the Waipara 
River. One of these soils was described and sampled on the Waipara West Vineyard 
on Ram Paddock Road (Table 46). The site was located on the first extensive 
degradational terrace and was sampled from the side of a bar.  
 
Eyre soils have a Bw horizon that is generally thinner and less well expressed than the 
Bw horizon of the Glasnevin soils. The Eyre soils of North Canterbury have been 
revised and mapped by Mr Trevor Webb of Landcare Research New Zealand Limited 
and this information is available on the new digital soil information system S-
mapOnline (http://smap.landcareresearch.co.nz/home). The Eyre soils are classified 
as Weathered Fluvial Recent Soils (Hewitt, 2010). 
 
Table 46. Eyre stony silt loam. 
Site location NZTopo50 BV24 716317, Waipara West Vineyard, Ram Paddock Road, 
Waipara. Soil code North Canterbury Waipara West 4. Figure 72. 
   
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
moderately 
gravelly and 
stony 
firm 
brittle 
slightly sticky 
slightly plastic 
 
0-25  silt loam moderately 
developed 
medium blocky 
and spheroidal 
indistinct 
AB very dark 
greyish brown 
10YR3/2 
brown 
10YR4/3 
moderately 
gravelly and 
stony 
firm 
brittle 
slightly sticky 
slightly plastic 
 
 
25-35  silt loam weakly developed 
medium blocky 
and spheroidal 
indistinct 
irregular 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
Bw dark yellowish 
brown 
10YR3/4 
very stony 
gravelly with 
some boulders 
loose 
non sticky 
non plastic 
 
35-60  coarse sand single grained indistinct 
irregular 
C brown 
10YR4/3 
dark yellowish 
brown 
10YR4/4 
very stony and 
gravelly with 
some boulders 
loose 
non sticky 
non plastic 
 
60-200+  coarse sand single grained bottom of the 
hole 
The gravels, stones and boulders are subangular to subrounded, unweathered to weakly weathered 
greywacke sandstone. 
Soil chemistry (Soil code North Canterbury Waipara West 4) 
Horizon Depth 
cm 
pH 
in  
water 
pH 
in  
KCl 
C 
% 
S-SO4 
g/g 
Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic 
P 
g/g 
A 0-10 5.7 5.0 2.8 4.0 955 186 437 
A 10-25 5.8 5.0 1.7 3.3 822 150 388 
AB 25-35 5.9 4.9 0.8 1.5 740 138 351 
Bw 35-60 6.1 4.9 0.4 2.0 1070 348 337 
C 60-80 6.2 4.9 0.1 1.8 750 323 167 
C 80-100 6.3 5.0 0.1 1.6 696 291 164 
C 100-120 6.3 4.9 0.2 1.9 554 209 158 
C 120-140 6.3 4.8 0.0 1.6 545 240 122 
C 140-160 6.3 4.7 0.2 0.8 591 302 87 
C 160-180 6.4 4.4 0.2 0.9 526 282 66 
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A 0-10 17.6 10.9 62 7.5 1.2 2.1 0.0 
A 10-25 16.4 9.2 56 6.7 0.9 1.6 0.1 
AB 25-35 14.6 7.6 52 5.6 1.1 0.9 0.0 
Bw 35-60 16.6 7.9 48 5.6 1.6 0.6 0.2 
C 60-80 14.1 7.6 54 5.4 1.6 0.4 0.2 
C 80-100 15.8 8.4 53 6.2 1.7 0.3 0.2 
C 100-120 15.8 9.5 60 6.9 2.3 0.2 0.0 
C 120-140 13.6 7.3 54 4.9 2.1 0.2 0.1 
C 140-160 12.5 7.1 57 4.3 2.3 0.5 0.0 
C 160-180 10.4 5.7 55 3.6 1.8 0.6 0.1 
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Figure 72. Eyre stony silt loam (Soil code North Canterbury Waipara West 4), Waipara 
West Vineyard, Ram Paddock Road Waipara. (Photo by Philip Tonkin). 
 
Rakaia soils 
In the survey of the Downs and Plains of Canterbury (Kear et al., 1967) the Rakaia soils 
would have been included as part of the Waimakariri soils, a complex of stony and 
loamy soils mapped on the lower terraces and younger surfaces associated with the 
rivers in mid and south Canterbury. As revised by Trevor Webb (personal 
communication 2010) the Rakaia soils occur on the middle terraces of the Waipara 
River and include the shallow stony soils that have similar soil morphology to the Eyre 
soils but with a less developed Bw or a BC horizon. These soils have a moderately to 
slightly stony silt loam or sandy loam A horizon, a dark brown to dark yellowish brown 
stony sandy loam or loamy sand Bw or BC horizon grading to moderately stony to very 
stony sand C horizon. The Bw or BC horizons are less than 20 cm thick. The proportion 
of stones in the Bw, BC and C horizons are variable and are predominantly 
unweathered to weakly weathered subrounded to rounded greywacke sandstone. In 
addition there are scattered stone to sand sized fragments of limestone and 
glauconitic sandstone. These soils require detailed examination and sampling. 
 
The Rakaia soils are classified as Weathered Fluvial Recent Soils (Hewitt, 2010). 
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Rangitata soils  
In the soil surveys of the former Kowai County (Fox et al., 1964) and of the Waikari 
District (Griffiths, 1978, 1980) the Rangitata soils were named Weka soils. These soils 
occur on the lowest terraces subject to occasional flooding by the Waipara River with 
the accumulation of silt loam and sandy loam textured sediments. Buried A horizons 
occur in the many of the soil profiles, evidence of the continuing episodic deposition 
on these floodplain terraces. Stones occur in lenses in these finer sediments and 
predominate in underlying sediments. Most of the stones are subrounded 
unweathered to weakly weathered greywacke. A feature of these soils is the higher 
proportion of stone to silt sized fragments of limestone and glauconitic sediments. In 
this respect these Rangitata soils are different from those found elsewhere in mid and 
south Canterbury. Two Rangitata soils were described from the lower terraces on the 
Waipara West Vineyard on Ram Paddock Road (Tables 47 and 48). 
 
Table 47. Rangitata silt loam. 
Site location NZTopo50 BV24 719317, Waipara West Vineyard, Ram Paddock Road, 
Waipara. Soil code North Canterbury Waipara West 5. Figure 73. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A1 very dark brown 
10YR2/2 
 strong 
brittle 
slightly sticky 
slightly plastic 
 
0-7  silt loam massive sharp 
smooth 
A2 very dark brown 
10YR2/2 
 slightly firm 
brittle 
slightly sticky 
slightly plastic 
 
7-18  silt loam moderately 
developed 
spheroidal and 
polyhedral 
distinct 
wavy 
AB very dark 
greyish brown 
10YR4/2 
 slightly firm 
brittle 
slightly sticky 
slightly plastic 
 
18-30  silt loam grading 
to sandy loam 
weakly developed 
medium blocky 
diffuse 
irregular 
BC very dark 
greyish brown 
10YR4/2 
 slightly firm 
brittle 
non sticky 
slightly plastic 
 
30-52  sandy loam massive to weakly 
developed coarse 
prismatic 
abrupt 
irregular 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2C dark greyish 
brown 
 2.5Y4/2 to  
greyish brown 
2.5Y4/2 
moderately 
gravelly 
loose 
non sticky 
non plastic 
 
52-80  coarse sand single grained irregular 
wavy 
3C very dark 
greyish brown 
2.5Y3/2 to dark 
olive brown 
2.5Y3/3 
moderately 
gravelly 
(rare fine gravels 
of limestone and 
glauconitic 
sandstone) 
loose 
non sticky 
non plastic 
 
80-130+  coarse sand single grained bottom of the 
hole 
This soil profile was located on the slope between a bar and channel on a degradational terrace just 
above the lowest terrace and floodplain of the Waipara River. The stones are subround to subangular, 
unweathered to weakly weathered greywacke sandstone. A few of the fine stones in the 3C horizon 
were easily crushed limestone and glauconitic sandstone. The texture profile of this soil is interpreted 
as fine overbank sediments on stony sand.  
 
  
Figure 73. Rangitata silt loam (Soil code North Canterbury Waipara West 5), Waipara 
West Vineyard, Ram Paddock Road, Waipara. (Photo by Philip Tonkin). 
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Table 48. Rangitata sandy loam. 
Site location NZTopo50 BV24 714317, Waipara West Vineyard, Ram Paddock Road, 
Waipara. Soil code North Canterbury Waipara West 6. Figure 74. 
 
Horizon 
Depth (cm) 
 
Colour(s) 
(moist) 
Mottles 
Texture 
 fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A dark greyish 
brown 
10YR4/2 
 firm 
brittle 
slightly sticky 
slightly plastic 
 
0-10   fine sandy loam massive abrupt  
smooth 
bA dark greyish 
brown 
10YR4/2 
 weak 
brittle 
slightly sticky 
slightly plastic 
 
10-23  sandy loam massive distinct 
wavy 
C light olive 
brown 
2.5Y5/3 
 weak 
friable to 
semideformable 
non sticky 
non plastic 
 
23-30  loamy sand single grained distinct 
wavy 
2C dark greyish 
brown 
2.5Y4/2 
bedded 
moderately 
gravelly 
5% of limestone 
and glauconitic 
sandstone 
gravels 
loose 
non sticky 
non plastic 
 
30-130  sand single grained bottom of the 
hole 
 
Soil chemistry (Soil code North Canterbury Waipara West 6) 
Horizon Depth 
cm 
pH 
in water 
pH 
in CaCl2 
C 
% 
S-SO4 
g/g 
A 0-10 6.9 6.1 - - 
A 10-20 7.1 6.7 1.6 0.7 
AC 20-30 7.6 7.2 1.2 0.2 
C 30-40 7.8 7.3 0.8 - 
C 40-60 8.0 7.4 - - 
C 60-80 8.0 7.4 trace - 
C 80-100 7.9 7.5 trace - 
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A 0-10 9.0 10.3 (100) 7.7 0.8 1.0 0.9 
A 10-20 8.2 9.8 (100) 7.8 0.6 0.5 0.9 
AC 20-30 5.7 9.3 (100) 7.9 0.3 0.5 0.7 
C 30-40 6.1 9.3 (100) 7.8 0.3 0.4 0.8 
C 40-60 3.3 8.5 (100) 7.7 0.3 0.4 0.1 
C 60-80 5.6 9.5 (100) 8.8 0.3 0.32 0.1 
C 80-100 7.3 8.0 (100) 7.3 03 0.3 0.1 
The low carbon percentage in the A horizons reflects the young age of this soil. The soil  pH’s (in water) 
increase with soil depth from neutral to moderately alkaline, base saturation values exceeding 100 
percent in all horizons, and the exchangeable calcium values indicate that there is likely to be calcium 
carbonate (free lime) in all horizons. 
 
 
Figure 74. Rangitata sandy loam (Soil code North Canterbury Waipara West 6), 
Waipara West Vineyard, Ram Paddock Road, Waipara. (Photo by Philip Tonkin). 
 
This Rangitata soil (Table 48) was described and sampled from the lowest 
degradational terrace just above the floodplain of the Waipara River. The terrace had 
an undulating bar and channel microtopography. The stones are subrounded and 
rounded, unweathered to weakly weathered greywacke sandstone. The texture is 
interpreted as fine overbank sediments on stony sands. The accumulating A horizon 
has a weakly distinguished buried part indicated by the bA horizon symbol. 
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The Rangitata soil profiles observed in exposures along the edge of the lower terraces 
of the Waipara River (Figure 74) have C horizons varying from stony gravelly coarse 
sand to bouldery stony gravels (Figure 75). The boulders, stones and gravels are 
predominantly unweathered greywacke sandstone with some gravels of limestone 
and glauconitic sandstone. 
 
 
Figure 75. Rangitata stony sandy loam, Waipara West Vineyard, Ram Paddock Road. 
(Photo by Philip Tonkin). 
 
The Rangitata soils are classified as Typic Fluvial Recent Soils (Hewitt, 2010). 
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12.  Recent fans  
North Canterbury has at times been subject to periods of extreme weather events and 
intense rainfall causing flooding. Most of the historical record is contained in news 
paper reports where the focus is on the flooding along the major rivers, such as the 
Ashley River to the south of Amberley. Some of these weather events causing flooding 
occurred in March 1941, February 1945, April 1951 and January 1953. These storms 
resulted in serious damage to private properties, roads, railways and bridges in and 
around Waipara and elsewhere in North Canterbury. As a consequence there was 
significant erosion from some of the hills and downlands. The most extensive area of 
erosion and fan deposition occurred along the northern side of the Waipara Basin and 
adjacent areas of the lower Omihi Valley. This led to the establishment of the 
Glenmark Catchment Control Scheme in 1958, covering an area of 1217 hectares on 
eight farms. This was one of the first soil conservation schemes in New Zealand 
(Wilkie, 1962; McCaskill, 1973; Prayitno, 1995). The farms on the lower slopes and 
floor of the Omihi Valley and northern side of the Waipara Basin, as far west as 
Waipara Downs experienced flooding with every major rain storm with aggradation 
of both fine and gravelly sediments burying pastures and fences. On Waipara Downs 
flooding from one catchment was diverted into an adjacent deeply incised gully, 
routing the eroded sediments through this gully to the Waipara River. On the farms 
between MacKenzies Road and Glenmark Drive these sediments accumulated to a 
depth of more than a metre initiating new soil development. Part of this area was on 
Pinelea and Overlea farms north-east of Mackenzies Road (Figures 76 and 77).  A re-
examination of these properties some 40 years after these events was the subject of 
the post-graduate study by Praytino (1995).  In addition to a soil survey of the farms, 
four soil profiles were described and sampled for chemical and physical analysis. In 
Praytino’s study provisional names of Rangitahi and Overlea were used for the soils 
developed in these young fan deposits. In revising the soil mapping of the Waipara 
area, Trevor Webb renamed them Waimakariri and Selwyn soils respectively. As noted 
previously in the discussion of the Glenmark soils in the Waipara area, these 
Waimakariri and Selwyn soils are formed in sediments eroded from hill slopes with a 
partial loess cover and underlain by the weathered conglomerates and sandstones of 
the Kowai Formation and in places the brown sandstones and sandy limestones of the 
Mt Brown Formation. This is in contrast to the Waimakariri and Selwyn soils of the 
Canterbury Plains formed from unweathered fine sediments derived from the 
greywacke suite of rocks. 
 
Waimakariri and Selwyn soils 
The area of soils mapped to the north-east of Mackenzies Road is a complex of 
Waimakariri and Selwyn soils. The morphology of these soils is very simple with an A 
horizon, a weakly developed Bw overlying a C horizon in Waimakariri soils and an A 
horizon overlying a C horizon in Selwyn soils. A horizons up to 40 cm thick generally 
indicate the merging of an A horizon with an underlying buried A horizon (Figure 76). 
The C horizons in both soils comprise layers of contrasting texture. Loamy sands and 
gravelly loamy sands are more common with other layers varying from silt loam to 
sandy loam, with or without differing volumes of weathered gravels. It is common to 
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find one or more buried A horizons at depths that can vary between 20 cm to deeper 
that 80 cm below the present surface.  
 
The example of a Selwyn soil is from Praytino (1995) with some minor alterations to 
the soil description (Table 49). 
 
Table 49. Selwyn soil. 
Site location Topo50 BV24 803356, Overlea Farm, Glenmark Drive, Waipara. Soil Code 
North Canterbury Overlea 1 (Original soil code in Praytino (1995) SP1). Figure 76. 
   
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A brown 
10YR4/3 
 weak 
brittle 
slightly sticky 
slightly plastic 
 
0-20  silt loam weakly developed 
fine and medium 
polyhedral 
abrupt 
smooth 
b2A dark greyish 
brown 10YR4/2 
 firm 
brittle 
non sticky 
slightly plastic 
 
20-40  sandy loam moderately 
developed 
medium blocky 
and spheroidal 
distinct 
wavy 
b3C light yellowish 
brown 
2.5Y 6/4 
 loose  
40-80  loamy medium 
sand 
single grained distinct 
smooth 
b4C(f) light yellowish 
brown 
2.5Y6/4 
 firm 
brittle 
slightly sticky 
slightly plastic 
 
80-84 many medium 
fine  
10YR6/4  
light yellowish 
brown mottles 
silt loam massive distinct 
smooth 
2b5A very dark 
greyish brown 
10YR3/2 
 very firm 
brittle 
slightly sticky 
moderately 
plastic 
 
84-95  silty clay loam weakly developed 
medium 
spheroidal 
indistinct 
wavy 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
2b5AB very dark 
greyish brown 
10YR3/2 and 
pale brown 
10YR6/3 
 very firm 
brittle 
slightly sticky 
moderately 
plastic 
 
95-102  silty clay loam  weakly developed 
medium 
spheroidal 
indistinct 
wavy 
2b5Bw(f) light yellowish 
brown 10YR6/4 
 not recorded  
102-145  silt loam not recorded bottom of the 
hole 
This soil has a thickened A horizon and the 20 to 40 cm increment is interpreted as a buried A horizon 
indicated by a b prefix symbol. There is a buried A horizon 2b5A at 84-95 cm with very dark greyish 
brown colours indicating the presence of organic matter and recent burial (Figure 76) following the 
flooding events of the 1940’s.  
Soil chemistry (Soil code North Canterbury Overlea 1) 
Horizon Depth 
cm 
pH 
in  water 
pH 
in KCl 
C 
% 
N 
% 
C/N CaCO3 
% 
A 0-10 6.4 5.8 1.62 0.17 10 - 
A 10-20 6.4 5.8 1.12 0.12 9 - 
b2A 20-30 6.5 5.8 0.71 0.07 10 - 
b2A 30-40 6.7 5.8 0.56 0.05 11 - 
b3C 40-60 6.9 5.7 0.13 0.02 7 trace 
b3C 60-80 7.1 5.6 - - - trace 
b4C(f) 80-84 6.9 5.5 0.22 0.03 7 0.6 
2b5A 84-94 6.7 5.3 0.62 0.08 8 - 
2b5AB 94-104 6.4 5.0 0.57 0.08 7 - 
2b5Bw(f) 104-124 6.5 4.8 0.36 0.06 6 - 
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A 0-10 9.7 10.9 (100) 8.4 1.0 1.2 0.2 
A 10-20 8.9 10.2 (100) 8.4 0.9 0.8 0.2 
b2A 20-30 8.3 9.8 (100) 8.2 0.9 0.6 0.2 
b2A 30-40 8.8 9.1 (100) 7.2 1.0 0.7 0.1 
b3C 40-60 4.9 4.8 98 3.8 0.7 0.2 0.1 
b3C 60-80 - - - - - - - 
b4C(f) 80-84 10.2 9.6 94 7.3 1.8 0.4 0.1 
2b5A 84-94 12.1 11.0 91 8.6 1.7 0.6 0.2 
2b5AB 94-104 10.9 10.8 99 8.4 1.4 0.7 0.3 
2b5Bw(f) 104-124 10.0 10.5 (100) 8.1 1.4 0.7 0.4 
Base saturation values of 100% indicate the presence of calcium carbonate (free lime) or soluble salts. 
Calcium carbonate was only measured in a few horizons and the pH (in water) values would indicate 
that soluble salts are more likely to account for the base saturation of greater than 100%. 
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Horizon Depth 
cm 
Total 
P 
g/g 
Inorganic 
P 
g/g 
Organic  
P 
g/g 
P 
retention 
% 
A 0-10 500 280 220 - 
A 10-20 430 260 170 3.4 
b2A 20-30 310 200 110 - 
b2A 30-40 300 150 150 - 
b3C 40-60 210 170 40 - 
b3C 60-80 - - - - 
b4C(f) 80-84 350 300 50 6.3 
2b5A 84-94 540 380 160 - 
2b5AB 94-104 490 380 110 - 
2b5Bw(f) 104-124 430 280 150 - 
 
 
 
Figure 76. Selwyn soil (Soil code North Canterbury Overlea 1), Overlea Farm. (Photo 
by Bambang Prayitno).  
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Examples of a Waimakariri and a Selwyn soil formed in sediments deposited during 
the erosion and deposition events in the 1940’s to early 1950’s on Pinlea and Overlea 
farms between Mackenzie Road and Glenmark Drive are illustrated in Figure 77. 
 
 
Figure 77. Examples of a Waimakariri and a Selwyn soil from a gully exposure on 
Overlea Farm, Glenmark Drive, Waipara. (Photo by Philip Tonkin). 
 
 
Another example of a Selwyn soil with a composite soil profile developed in a 
succession of thin layers of sandy fan sediments was excavated during the soil survey 
of part of the Randolf Downs Estate on Ram Paddock Road (Table 50). These 
sediments were sourced from a small catchment underlain by Kowai and Mt Brown 
Formations. The soil pit (Figure 78) was located toward the head of a small fan built 
out onto and burying Glasnevin soils on the Canterbury Surface. Toward the middle 
and toe of this fan the number of recognizable buried soils decreased as the buried C 
horizons became thinner and the buried A horizons merged together. 
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Table 50. Selwyn soil. 
Site location Topo50 BV24 709308, Randolf Downs Estate, Ram Paddock Road, 
Waipara. Soil code North Canterbury Randolf 1 (Original soil code Randolf Downs P40). 
Figure 78. 
 
Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
A very dark 
greyish brown 
10YR3/2 
slightly gravelly weak 
non sticky 
non plastic 
 
0-20  loamy sand weakly developed 
medium 
polyhedral 
abrupt 
smooth 
AC very dark 
greyish brown 
10YR3/2 and 
brown 10YR5/3 
 weak 
non sticky 
non plastic 
 
20-24  loamy sand single grained abrupt 
smooth 
2bA very dark 
greyish brown 
10YR3/2 
 weak 
non sticky 
non plastic 
 
24-48  loamy sand weakly developed 
medium 
polyhedral 
sharp 
wavy 
2bAC very dark 
greyish brown 
10YR3/2 and 
brown 10YR5/3 
 weak 
non sticky 
non plastic 
 
48-49  loamy sand single grained sharp 
smooth 
3b2A very dark 
greyish brown 
10YR3/2 
slightly gravelly weak 
non sticky 
non plastic 
 
49-53  loamy sand massive sharp 
wavy 
3b2C light brownish 
grey 
10YR6/2 
moderately 
gravelly 
loose 
non sticky 
non plastic 
 
53-63  sand single grained abrupt 
4b3A dark greyish 
brown 
10YR3/2 
 weak 
non sticky 
non plastic 
 
63-69  loamy sand massive distinct 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
4b3C brown 
10YR5/3 
 loose 
non sticky 
non plastic 
 
69-91  coarse loamy 
sand 
single grained distinct 
5b4A dark greyish 
brown 
10YR3/2 
 weak 
non sticky 
non plastic 
 
91-94  loamy sand massive distinct 
5b4C brown 
10YR5/3  
 
 loose 
non sticky 
non plastic 
 
94-104  medium sand single grained distinct 
6b5A dark greyish 
brown 
10YR3/2 
 loose  
104-107  medium sand single grained distinct 
6b5C brown 
10YR5/3 
 loose 
non sticky 
non plastic 
 
107-116  medium sand single grained distinct 
7b6A very dark 
greyish brown 
10YR3/2 
 loose 
non sticky 
non plastic 
 
116-117  medium sand single grained distinct 
7b6C brown 
10YR5/3 
 loose 
non sticky 
non plastic 
 
117-124  medium sand single grained abrupt 
8b7A very dark 
greyish brown 
10YR3/2 
 weak 
non sticky 
non plastic 
 
124-138  loamy sand massive distinct 
8b7C brown 
10YR5/3 
 loose 
non sticky 
non plastic 
 
138-153  medium sand single grained distinct 
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Horizon 
Depth (cm) 
 
Colours 
(moist) 
Mottles 
Texture 
fragmental 
 matrix 
Consistence 
 
Structure 
Cutans 
 
Boundary 
9b8A very dark 
greyish brown 
10YR3/2 
 weak 
non sticky 
non plastic 
 
153-163  loamy sand massive distinct 
 
9b8C brown 
10YR5/3 
 loose 
non sticky 
non plastic 
 
163-168  medium sand single grained distinct 
10b9A very dark brown 
10YR2/2 
 firm 
non sticky 
non plastic 
 
168-178  loamy sand massive distinct 
10b9Bw dark yellowish 
brown 
10YR4/4 
 firm 
slightly sticky 
slightly 
plastic 
 
178-220  sandy loam massive bottom of the 
hole 
In this soil description the prefix numeral indicating the stratigraphic sequence of sedimentary layers 
precede the numbering of successive buried soils indicated by a prefix b symbol (Figure 78).  
 
The buried soil at the bottom of this pit, horizons 10b9A and 10b9Bw (Figure 78), is 
equivalent to the Glasnevin soil developed on the Canterbury Surface. Charcoals 
extracted from this buried soil had a radiocarbon age of 870 to 1060 cal years B.P. (Wk 
7335) and date the fire(s) that produced the charcoals prior to their burial by fan 
deposits. The sequence of buried soils record a minimum of eight storm driven erosion 
and deposition events. The charcoals indicate that the erosion within the catchment 
from which these fan sediments were sourced was initiated following the destruction 
of the original forest by fire. 
 
The Waimakariri soils with their weakly developed weathered B horizons are classified 
as Weathered Fluvial Recent soils and the Selwyn soils as Typic Fluvial Recent soils 
(Hewitt, 2010). 
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Figure 78. Selwyn soil (Soil code North Canterbury Randolf 1), Randolf Downs Estate, 
Ram Paddock Road, Waipara. (Photo by Philip Tonkin). 
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13. Soil mapping, description and classification 
The reliability of soil maps is dependant on the complexity of the soil pattern at the 
scale of the map used to present the information, the relative intensity of 
observations made in producing the soil map and the understanding of the factors 
that determine the soil pattern. The latter depend on the knowledge built up over 
time with successive stages in the survey of soil resources and the experience of the 
soil surveyor. The most intensive soil surveys have been conducted on flat to rolling 
landforms where the soils are used for intensive and semi-intensive land uses such as 
horticulture and arable agriculture. As a consequence soil surveys of hill and 
steeplands, with few exceptions have only been examined at a reconnaissance level 
and the soil mapping units are some form of poorly defined complex, such as Hill Soils 
or the even less well understood Soil Sets (Taylor and Pohlen, 1962). In the S-map 
program, the soil mapping in hilly and steep terrain uses soil-landscape modeling 
based on digital terrain models and other spatial information. 
The most up-to-date soil maps for North Canterbury can be found on the Landcare 
Research New Zealand S-map web site S-mapOnline (http://s-
map.landcareresearch.co.nz/home) and viewed at a range of map scales from 
1:250000 to 1:10000. On S-map the 1:50 000 representation is the most detailed 
attempt at mapping the soil pattern. This mapping can be viewed at 1:25 000 and 1:10 
000 map scales, but this does not provide a more detailed interpretation of the soil 
pattern. In S-map soil data is polygon based, and soils are represented as discrete 
areas on a map shown by a line around each polygon. For dominantly flat to rolling 
areas soil mapping uses conventional methods, based on air-photo interpretation and 
free survey techniques. The latter implies that a number of transects will be selected 
and soil observations made at intervals as required to realize the soil pattern at a map 
scale of 1:50 000. Soils in S-map are classified using the New Zealand Soil Classification 
(Hewitt, 2010). 
It needs to be realized that the lowland areas now mapped at map scales of 1:50 000 
also contain numerous map delineations that are complexes of more than one soil. 
The soil mapping for S-Map in North Canterbury has not been extended to areas of 
moderately sloping topography, that today are being planted in grape vines so there 
has been no revision of the soils on these landforms.  
For the purposes of defining the soil patterns within a vineyard a 1:50 000 map scale 
is too generalized. Close planted row crops such as grape vines need the soil pattern 
to be examined at the equivalent map scale of 1:2000 and this means soil observations 
made on a grid with a spacing at between 30 to 10 metre intervals by either digging 
holes or using a soil auger. Deep rooting plants such as grape vines need the soil to be 
examined to depth. For practical purposes this is seldom more than 2 metres, as the 
tools available and the time taken to examine the soil profile to greater that 2 meters 
depth generally makes this impractical. The convention in most soil mapping is to 
examine the soil to 1 metre depth or less if bedrock or a dense compact or cemented 
horizon that forms a rock like barrier is detected at a shallower depth. These barriers 
to root development are called lithic (rock) or paralithic (weathered rock, compact or 
cemented) contacts. 
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Before the development of S-map, the most detailed and defined soil mapping units 
were named Soil Series, and subdivisions within Soil Series of closely related soils were 
named Soil Types. Soil Types could be further subdivided on the basis of properties 
that may affect their landuse, such as slope, drainage and stone content of the 
cultivation layer (A horizon). With the establishment of the S-map program to redefine 
New Zealand’s soil resource inventory, the soil surveyors of Landcare Research New 
Zealand Ltd have revised the nomenclature used in soil mapping. They have replaced 
the earlier terms Soil Series, Soil Type and Phases of Soil Type (Taylor and Pohlen, 
1962) with redefined Soil families and Soil siblings (Webb and Lilburne 2011). 
 
Soil families  
Soil families are defined following the classification principles summarized by Hewitt 
(2010). These are as follows: The grouping of soils into classes should be based on 
similarity of soil properties rather than presumed soil genesis. Differentiae should be 
based on soil properties that can be reproducibly and precisely measured or observed. 
Differentiae should allow field assignment of soil to classes. 
 
The Soil family is designed to identify the dominant lithological composition of soil 
profiles. Families are identified by sets of criteria describing the soil materials 
occurring within 100 cm of the soil surface. For mineral soils (in contrast to organic 
soils) the four criteria are: Soil-profile-material class, rock class, texture class and 
permeability class of the slowest horizon. 
 
Soil families are given a geographic name and are also identified with a 4- or 5- 
character abbreviated name. A geographic name, such as Glasnevin soil family, as 
used in the naming of soil series, has been retained because users of soil information 
are familiar with this usage and the geographic names help in recalling soil 
characteristics.  
 
Soil siblings 
The primary soil individual in S-map is called a sibling. The word sibling indicates that 
it is the member of a family. Each soil family is divided into siblings on the basis of soil 
depth, topsoil stoniness, soil texture-profile, natural soil drainage and a unique 
sequence of up to six functional horizons (Webb and Lilburne, 2011). The functional 
horizons are layers of soil material characterized by clearly defined soil morphological 
parameters selected because they have been useful in predicting soil characteristics 
such as profile available water and hydraulic conductivity. This is an alternative 
approach to traditional soil profile description, and is still being developed. Details of 
this approach are outlined in Webb and Lilburne (2011) published by Manaakí 
Whenua - Landcare Research. 
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S-mapOnline web site 
The fact sheets can be accessed bu using the ‘soil information’ button and ‘clicking’ 
the polygon. This gives you the percentages of the siblings mapped and access to the 
fact sheets pdf documents.  
 
Field identification of soil profiles and soil profile description 
The description of a soil profile exposed in the side of a pit or road cutting is the ideal. 
In the process of soil surveying most observations are made from consecutive soil 
samples from a profile, extracted and examined on the end of a soil auger. Soil augers 
are of various designs, from a simple screw auger to specifically designed tubes with 
or without open sides and scoop shaped cutters. The common designs are the Idaho 
bucket auger and the open sided Dutch auger. 
 
In the following sections a brief outline of the method used to describe soils is given. 
Soils are exposed by digging a pit by hand or with a back-hoe. The restricted list of soil 
morphological features that can be recognized when using a soil auger are noted. 
 
Soil description is a word picture of the organization of the soil profile into horizons 
and the recognition of features in each horizon that can be seen by eye or sensed by 
breaking and remolding of samples of the soil in the hand. Colour is the most obvious 
feature and the soil surveyor uses a specifically designed soil colour book with colour 
charts coded using the Munsell colour notation of Hue, Value and Chroma. For 
example 10YR6/4 where the Hue is 10YR, the Value is 6 and the Chroma is 4 is 
recorded as light yellowish brown 10YR6/4.  
 
As the art and science of soil description has evolved over time the approach to the 
word picture has become increasing complicated and for this detail it is best to consult 
the appropriate soil description handbooks. Two handbooks have been published for 
use in New Zealand; Soil Survey Method by N.H. Taylor and I.J. Pohlen first published 
in 1962 (no longer in print), and this was superseded with the publication of the Soil 
Description Handbook by J.D.G. Milne, B. Clayden, P.L. Singleton and A.D. Wilson with 
a third Edition published in 1995. These handbooks follow many of the conventions 
used in other countries with some important exceptions.  
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In the sections describing the soils of the Waipara and Waikari Districts of North 
Canterbury the soil profile descriptions are presented in the form of a table under the 
following headings. 
 
Horizon 
 
 
Depth (cm) 
Colours 
(moist) 
 
Mottles 
Texture 
fragmental 
 
matrix 
Consistence 
 
 
Structure 
Cutans 
 
 
Boundary 
     
     
 
The dotted line through the rows separates the upper and lower item in the table 
heading, as recorded for each soil horizon.  
 
Soil Horizons - only mineral soil horizons will be covered as no organic soils were found 
to occur in the vineyards of North Canterbury. 
  
A horizon – this is the horizon formed at the surface and is characterized by the 
incorporation of humified organic matter mostly from the decomposition of plant 
roots and the incorporation of decomposing organic matter by biological activity and 
surface cultivation. This horizon is mostly used without subscripts. 
 
AB horizons – a transition between the A and B horizons with humified A horizon 
dominating in patterns that reflect the burrowing of organisms (commonly earth 
worms).  
 
B horizons – subsurface mineral horizons without sedimentary layering or rock 
structure and characterized by:  
(a) Alteration that has formed secondary oxides giving yellow, brown or olive matrix 
colours; secondary silicate clays as detected by contrasts in texture and / or clay 
coatings (cutans), and the development of a fabric of soil structure (called aggregates 
or peds) varying in the degree of roundness or angularity.  
(b) In some subsoils there may be visual evidence of translocated clays (cutans), or 
oxides as concentrations to form mottles or concretions and organic matter staining 
the faces of aggregates.  
(c) Evidence of solution and translocation, and / or removal; of calcium or sodium 
carbonates if originally present as inferred from the presence of these carbonates in 
deeper soil horizons.  
 
The different categories of B horizon are indicated by a lower case suffix. 
 
Bw - a horizon that shows evidence of alteration under well-aerated conditions and 
has a uniform matrix colour. There is an earthy fabric or more commonly structure as 
expressed by the size, shape and arrangement of soil aggregates (peds). There may be 
evidence of the solution and translocation and / or removal of calcium carbonate (if 
originally present).  
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Bt - a horizon that shows evidence of alteration under well aerated conditions with a 
uniform matrix colour and translocated clay recognized by the presence of clay 
coatings on aggregate (ped) faces, lining pores, as lamellae or forming bridges 
between sand grains or coarse particles. An increase in clay content when compared 
with the overlying and underlying horizons as detected by hand texturing (i.e. more 
than a 5% clay increase). 
 
Bw(f) and Bt(f) - a horizon with more than 2% redox segregations, commonly referred 
to as mottles of iron oxide concentrations or iron and manganese nodules. These 
features in a matrix dominated by oxidized colours indicate episodes of soil saturation 
with dissolution of some constituents under reducing conditions followed by their 
oxidation and re-precipitation. This commonly produces reddish brown mottle 
patterns along pores and roots. 
 
Bw(g) and Bt(g) - a horizon with more that 2% redox segregations and less than 50% 
of redox depletions, the latter are areas of aggregate (ped) faces or matrix with greyish  
or olive grey colours indicating removal of iron compounds. 
 
Bg - a horizon with more than 2% redox segregations and more than 50% of redox 
depletions on aggregate (ped) faces and matrix. Redox depletions are commonly areas 
of grey or pale olive colors in the matrix, on ped faces and forming vertical or net 
patterns along the faces of prisms and coarse blocky structures. 
 
Btg - a Bt that also qualifies as a Bg horizon. 
 
Br - an intensely gleyed B horizon with predominantly grey, olive or greenish grey 
colours (>85%) and usually few redox segretations. 
 
Btr - a Bt horizon that also qualifies as a Br horizon. 
 
BC - a horizon forming the transition between the B and C horizons or has components 
of both horizons. 
 
C - an unconsolidated or weakly consolidated mineral horizon with evidence of the 
original sediment or weathered rock fabric. The horizon may have been modified by 
the accumulation of carbonates or soluble salts.  
 
Cr - a gleyed C horizon resulting from saturation with water and oxygen deprivation 
to produce grey, olive or greenish grey matrix colours with or without redox 
segregations as mottle patterns.  
 
CR - a weakly consolidated horizon that is sufficiently dense and coherent to form a 
significant barrier to plant roots. This also includes soft rocks such as mudstones, 
siltstones and softer limestones, chalk and marl. 
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R - hard and very hard bedrock commonly with fracture (joint) patterns into which 
plant roots may penetrate. 
 
Other suffixes that have been used in the description of soils in North Canterbury are: 
 
k - denotes the presence of secondary accumulations of calcium carbonate as white 
filaments or coatings on aggregate (ped) faces or lining pores or back filled burrows. 
These coatings react with an acid such as HCl or vinegar. 
 
m - denotes a continuously cemented horizon that is strong enough to resist root 
penetration. 
 
x - denotes a subsoil horizon with fragipan properties. Fragipans are compact, massive 
or near massive horizons rich in silt and fine sand and low in clay. When dry they are 
brittle and have the appearance of being strongly cemented but the cementation if 
present disappears on moistening. Portions of the fragipan when immersed in water 
will break up and disperse. They have a moist brittle failure and at least slightly firm 
soil strength, coarse prismatic structure with massive interiors that in some situations 
break into coarse blocks. Roots are confined to the voids between prisms or along 
worm burrows. It is common for the edges of prisms to have a reddish margin and a 
vertical vein or depleted zone of grey colour between prisms and a reticulated pattern 
of these depletion zones between blocks in the upper part of the fragipan.  
 
Buried soil horizons are denoted by a prefix lower case b and numbered in sequence 
from the surface e.g. bBw, 2bBw etc. 
 
Soil depth - is measured in centimeters consecutively for each horizon from the soil 
surface to the lowest part of the exposed or augered profile. 
 
Soil colour - moist soil colours are recorded by comparison with a Munsell soil colour 
charts. If the dry soil colour is recorded this is noted. The dominant colour of the 
matrix is noted together with any colour patterns.  
 
Mottles - the colour of the dominant mottles are recorded separately by noting their 
abundance, size, contrast and colour. 
Field soil texture - is estimated by hand manipulation of a moistened portion of soil 
and is determined by the various combinations of sand, silt and clay sized particles, 
soil organic matter (mostly in the A horizon) and stable micro aggregates of primary 
particles in combination with secondary clays and compounds of iron, manganese and 
aluminium. Field soil texture is an estimate of, but is not to be confused with the 
determination of particle size analysis under laboratory conditions. To determine field 
soil texture, a small sample of soil, from which all the particles larger than 2 mm 
diameter have been removed (if possible), is thoroughly moistened and remolded in 
the palm of the hand until it reaches its maximum plasticity and stickiness. This state 
is reached when the sample maintains a surface film of water when rolled into a ball 
and remolded or deformed. By definition field soil texture is determined on the matrix 
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or fine earth less than 2 mm in diameter. The field soil texture is assessed from its 
grittiness, plasticity and stickiness, the properties that determine the behavior of the 
sample in the hand as set out on the following table for the matrix texture (the fine 
earth fraction < 2 mm diameter). 
feel and sound cohesion and plasticity field soil texture 
gritty and rasping cannot be molded into a ball sand (s) 
gritty and rasping almost molds to form a ball but 
disintegrates when the ball is 
rolled or pressed flat 
loamy sand (ls) 
slight grittiness and faint 
rasping sound 
molds into a cohesive ball 
which fissures around the 
edges when pressed flat 
sandy loam (sl) 
smooth soapy feel with 
no grittiness 
molds into a cohesive ball 
which fissures around the 
edges when pressed flat 
silt loam 
very smooth and slightly 
sticky to sticky 
plastic and molds into a 
cohesive ball which deforms 
with out fissuring 
clay loam (cl) 
very smooth and very 
sticky with a tendency to 
stick to the hand while 
trying to form a ball 
very plastic and molds into a 
cohesive ball which deforms 
without fissuring 
clay (cl) 
 
Qualifying terms for the fragmental or skeletal component greater than 2 mm in 
diameter are added to those of the matrix texture where appropriate as shown on the 
following table. An example of the use of the fragmental and matrix combination is, 
moderately gravelly silt loam. 
abundance# size class# size range (mm) 
slightly stony 5-15% gravel 2-20 
moderately stony 15 35 % stones 20-200 
very stony 35-70% boulders >200 
extremely stony >70%   
#Abundance classes are those used by Milne et al., (1995) and are visual estimates of the volume of 
gravels and stones and boulders. In the convention adopted in S-map the term stones has been used 
for all size classes. 
*In other classifications other terms are used for the size classes of fragmental component and in the 
present New Zealand Soil Description Handbook (Milne et al., 1995) they have dropped the term 
stones, having four subclasses of gravels and one class of boulders.  
  
In practice augers cannot retrieve gravels or penetrate stony or bouldery deposits. 
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Soil consistence - refers to characteristics of the soil related to texture, consolidation 
and water content at the time of sampling, and is described under the headings of 
strength, characteristics of failure, cementation, maximum stickiness and maximum 
plasticity. Strength and characteristics of failure vary widely with water content. Most 
of these properties are determined on an un-deformed block of soil taking note of the 
apparent water content i.e. dry, moist or wet. The most commonly used descriptive 
terms are strength, failure, plasticity and stickiness. Plasticity and stickiness are 
assessed in the same manner as soil texture and they are determined at the same 
time. They rank the cohesion and adhesion when the soil is moistened and remolded 
as previously described. Cohesion is the tendency for the soil to hold together and 
form a ball and the manner in which the ball behaves when deformed. With increasing 
plasticity the remolded soil sample can be deformed with little or no evidence of 
cracking. Adhesion is the tendency of the soil to stick to the fingers. With increasing 
stickiness more of the moistened soil material adheres to the fingers. The general 
relationship between the soil consistence properties and field soil textures are 
illustrated in the following figure. 
 
 
 
Soil strength classes adapted for auger descriptions - When augering into the soil the 
relative force required when turning the auger gives an indication of the soil strength. 
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weak firm strong 
little force is required and 
the auger penetrates the 
soil with ease 
more rotational force is 
required and the auger 
penetrates the soil slowly 
maximum force is 
required with downward 
pressure and the auger 
penetrates the soil very 
slowly 
 
Soil failure classes adapted for auger descriptions - The manner in which the soil fails 
can also be sensed. For example an irregular jerking or shearing of the auger occurs in 
more brittle loamy textured soils and a smooth rotation occurs in deformable plastic 
clay loam or clay textured soils if they are moist as show in the following table. 
 
brittle semi-deformable deformable 
auger cuts into the soil in  
an abrupt irregular 
manner as if the soil were 
breaking under applied 
force 
 
the auger is easy to 
retract and the auger 
cuttings are small 
irregular fragments 
 
 
typical of sandy loams 
and silt loams 
auger cuts into the soil in 
a smooth manner 
 
 
 
 
the auger is easy to 
retract and the soil 
cuttings break into many 
smaller curved segments 
 
 
typical of clay loams 
auger cuts into the soil in 
a smooth regular manner 
as if the soil were 
deforming plastically 
 
 
the auger may be hard to 
retract and the soil 
cuttings extract as a few 
large curved segments 
with shiny surfaces 
 
typical of clays 
 
 
Note if the soil is dry all soils irrespective of texture may appear brittle and more force 
may be required to get the auger to bite into the soil. Non-cohesive soil materials by 
definition have no unconfined strength or plasticity.  
 
Soil Structure - refers to the shape, size and degree of development of the aggregation 
of the primary soil particles (together with humified organic matter in the A horizon) 
into naturally occurring structural units referred to as peds. Peds are natural relatively 
permanent aggregates separated from each other by curved or planar voids that can 
form a significant part of the macro pore spaces in a soil horizon.  
 
Peds are formed in various ways but are of two main kinds. Those in A horizons often 
have irregular porous surfaces evenly coloured by humified organic matter. They arise 
from the incorporation of humified organic matter into the mineral soil by organisms, 
the proliferation of plant roots, fungi and other micro-organisms, the reworking of the 
soil by earthworms and other organisms and the accumulation of faunal excreta such 
as earthworm casts.  
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In the B horizons peds have well formed faces (facets) some or all of which fit together 
with adjacent peds. These are most easily seen on the dry surface of an exposed soil 
profile where the peds have shrunk away from each other. Ped faces maybe coated 
by organic matter or clay (cutans) and some have smooth shinny faces as a result of 
pressure exerted as peds swell and move against each other to form pressure faces 
and slickensides.  
 
The classes of soil structure shown on the following table are some of those used in 
Milne et al., (1995); spheroidal (granular), polyhedral (subangular blocky or nutty), 
blocky and prismatic. The names in brackets are the equivalent terms in common 
usage in earlier soil surveys. 
 
Size 
Prism-like 
longest in the 
vertical 
dimension 
with angular 
well defined 
vertical faces 
Block-like  
with three dimensions of 
similar length 
Spheroids 
having curved 
surfaces with 
voids between 
adjacent peds 
 
non-fitting 
faces of peds 
are flattened 
and most 
edges are 
sharply 
angular 
mixed 
rounded and 
flattened 
faces with 
many rounded 
edges 
 Prismatic Blocky Polyhedral Spheroidal 
Fine 
fine 
<20 mm 
fine 
< 10 mm 
fine 
< 10 mm 
fine 
< 2 mm 
Medium 
medium 
20 to 50 mm 
medium 
10 to 20 mm 
medium 
10 to 20 mm 
medium 
2 to 5 mm 
Coarse 
coarse 
50 to 100 mm 
coarse 
20 to 50 mm 
coarse 
20 to 50 mm 
coarse 
5 to 10 mm 
Very coarse 
very coarse 
>100 mm 
very coarse 
> 50 mm 
very coarse 
> 50 mm 
very coarse 
> 10 mm 
 
Soil structure is one of the key soil morphological properties that cannot be 
determined when examining the soil profile using a soil auger. The auger shears and 
in the process remolds the soil destroying any reliable indication of soil structure. 
 
Cutans - The presence of cutans, coatings of clay forming a thin layer on the surface 
of peds, is key to the recognition of Bt horizons. These are described in terms of 
abundance, continuity and distinctness. Cutans may also occur in C Horizons. Pressure 
faces and slickensides can be confused with cutans and occur in soils with swelling 
clays in the Bt horizons. The development of pressure faces and slickensides, where 
the faces of the peds are moved obliquely leaving striations, can mask the presence 
of cutans.  
196 
 
 
Secondary (pedogenic) calcium carbonate - Secondary calcium carbonate occurs as 
white powdery coatings and filaments commonly on ped faces, along root channels 
and lining back filled burrows. The latter highlights the presence of a horizon with a 
burrowed (vermiform) fabric. Secondary calcium carbonate (pedogenic calcium 
carbonate) can also be present in the form of nodules, cemented infilling of former 
root patterns and as a bladed infilling between prisms in the subsoil horizons. In the 
absence of limestone or marl, secondary calcium carbonate can be confirmed by 
applying 10% solution of hydrochloric acid (HCl) as set out in the following table. 
Secondary calcium carbonate is not to be confused with limestone or calcareous 
siltstones and mudstones such as marl on which the soils have developed. The HCl test 
is also used to confirm the presence of limestone and these calcareous sediments. 
 
Field assessment of 
approximate calcium 
carbonate content 
Auditory effects Visual effects 
Non-calcareous 
(less than 0.5 %) 
 
none 
 
none 
Very slightly calcareous 
(0.5 to 1 %) 
faint to increasing to 
slightly audible 
none 
Slightly calcareous 
(1 to 5 %) 
faint increasing to 
moderately audible 
slight effervescence 
visible on close inspection 
Calcareous 
(5 to 10 %) 
easily audible moderately effervescent 
with obvious bubbles up 
to 3 mm diameter 
Very calcareous 
(more than 10 %) 
easlily audible strong effervescence with 
bubbles up to 7 mm 
easily seen 
 
The soil reaction to a few drops of 10% hydrochloric acid is a quantitative test that 
indicates the presence of calcium carbonate in the soil. It is not to be confused with 
the laboratory determination of active lime. 
 
Soil horizon boundaries - the boundary between soil horizons vary in their 
distinctness and shape. This depends on the contrasts between adjacent horizons in 
colour, field soil texture, stoniness, soil structure and partly on the thickness of any 
transitional horizon. The determination of the distinctness of the soil horizon 
boundaries can be difficult to judge when augering and typically there can be at least 
a 2 cm to 5 cm error in the placement of soil boundaries. Consequently only four and 
more commonly three of the five categories of soil horizon boundaries are 
recognizable when augering. Four boundary categories are set out on the following 
table. 
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abrupt 
< 0.5 to 2 mm 
distinct 
2 to 5 mm 
indistinct 
5 to 10 cm 
diffuse 
> 10 cm 
 
The shape of boundaries cannot be recognized when augering the soil.  
 
New Zealand Soil Classification 
The soil classification used throughout the description of the soils of the Waipara and 
Waikari Districts of North Canterbury is the Third Edition of the New Zealand Soil 
Classification by A.E. Hewitt published in 2010. The soils described fall into one of 
three Soil Orders: Melanic Soils, Pallic Soils and Recent Soils. The description of these 
soil orders and the relevant soil groups and soil subgroups is copied from Hewitt 
(2010). 
 
Table 1. Landform, Regolith, Soils and New Zealand Soil Classification of some soils in 
the Waipara – Waikari Region of North Canterbury.  
 
Landform Regolith Soil names New Zealand Soil Classification 
(Hewitt, 2010) 
Hill slopes 
on bedrock or 
colluvium  
derived from bedrock 
non-calcareous and 
calcareous sandstones 
 
 
 
limestone 
 
 
glauconitic sediments 
Hui Hui 
 
 
 
 
Waikari 
 
 
Timpendean 
Typic Immature Pallic, 
Pedal-calcareous Orthic Melanic, 
Weathered Rendzic Melanic,  
Argillic Orthic Melanic 
 
Typic Rendzic Melanic, 
Weathered Rendzic Melanic 
 
Typic Immature Pallic,  
Typic Argillic Pallic 
Loess downlands   
 
 
 
 
Downlands and fans 
 
 
 
 
 
 
Teviotdale surface 
an older terrace 
non-calcareous loess 
 
 
calcareous loess 
 
non-calcareous loess or clayey 
alluvium 
 
thin non-calcareous loess on 
weathered Kowai 
conglomerate 
 
clayey non-calcareous loess or 
fine alluvium on weathered 
gravelly alluvium 
Waipara  
 
 
Tokarahi  
 
Pahau 
 
 
Amberley 
 
 
 
Pahau  
 
 
Argillic-mottled Fragic Pallic,  
Argillic Fragic Pallic,   
 
Argillic Orthic Melanic 
 
Mottled Argillic Pallic 
 
 
Weathered Argillic Pallic 
 
 
 
Mottled Argillic Pallic 
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Landform Regolith Soil names New Zealand Soil Classification 
(Hewitt, 2010) 
Footslopes and fans 
extending from 
downland margins 
 
non-calcareous loess or fine 
alluvium 
 
clayey non-calcareous loess or 
fine alluvium on  weathered 
gravelly alluvium 
 
clayey alluvium on gravelly 
alluvium 
 
clayey alluvium or loess on 
silts, clays or gravelly sands 
 
alluvium 
Waipara  
 
 
Pahau  
 
 
 
Salix 
 
 
Awapuni 
 
 
Glenmark 
Argillic-mottled Fragic Pallic,  
Argillic Fragic Pallic 
 
Mottled Argillic Pallic 
 
 
 
Mottled Argillic Pallic 
 
 
Mottled-argillic Orthic Melanic 
 
 
Typic Argillic Pallic 
Canterbury surface 
Waipara fan 
 
fine and gravelly alluvium 
with minor loess  
 
Glasnevin 
 
 
 
Lowcliffe 
 
Salix 
Pedal Immature Pallic, 
Typic Immature Pallic, 
Weathered Orthic Recent    
 
Mottled Argillic Pallic 
 
Mottled Argillic Pallic 
Canterbury surface  
Weka fan 
 
 
 
 
 
fine and gravelly alluvium 
 
 
 
 
 
 
Glasnevin 
 
 
 
Eyre 
 
Glenmark 
Pedal Immature Pallic, 
Typic Immature Pallic, 
Weathered Orthic Recent 
 
Weathered Orthic Recent 
 
Typic Argillic Pallic 
Omihi surface 
 
 
 
 
clayey alluvium on calcareous 
gravelly sands 
 
clayey alluvium or loess on 
silts, clays or gravelly sands 
Omihi 
 
 
Awapuni 
 
Calcareous Vertic Melanic, 
Mottled-calcareous Vertic Melanic 
 
Mottled-argillic Orthic Melanic 
 
River terraces  
of Waipara River and 
tributaries younger 
than the Canterbury 
surface* 
fine and gravelly alluvium 
 
 
 
Eyre 
 
Rakaia 
 
Rangitata 
Weathered Orthic Recent 
 
Weathered Fluvial Recent 
 
Typic Fluvial Recent 
Recent fans 
younger than the 
Canterbury surface* 
fine and gravelly alluvium 
 
 
Glenmark 
 
 
Waimakariri 
 
Selwyn 
Typic Argillic Pallic, 
Calcareous Immature Pallic 
 
Weathered Fluvial Recent 
 
Typic Fluvial Recent 
* listed in the relative age of surfaces and soil families from oldest to youngest 
 
Melanic Soil Order 
Concept - Melanic Soils are soils with high base saturations (i.e. high fertility), with 
well-structured very dark A horizons, and with weakly alkaline or weakly acid 
subsurface horizons. Their parent materials are rich in calcium and / or magnesium. 
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Accessory properties: (a) Swelling smectite clays together with other micaceous clays. 
(b) Base saturations are usually more than 50%. (c) Stable structure especially in the 
A horizon with large amounts of organic matter associated with the clay minerals. (d) 
Soil materials are sticky and plastic with a high shrink / swell potential reflected in 
strong polyhedral, blocky or prismatic structures. (e) Fertile with high exchangeable 
calcium and magnesium in the subsoil horizons. (f) Soils are formed on sediments 
derived from either calcareous rocks such as limestones and marls and glauconitic 
sediments or other high base status rocks. (g) With the exception of shallow soils on 
rock the potential rooting depths are relatively large. 
 
Vertic Melanic Soils - cracks at least 4 mm wide in some part, either in the B horizon 
and infilled with A horizon material, or open to a depth of 30 cm or more from the 
mineral soil surface (high shrink - swell due to the smectite clay content) with 
moderate to strong blocky or prismatic structure in the major part of the B horizon. 
 
Mottled-calcareous Vertic Melanic Soils - redox segregations within 60 cm of the 
mineral soil surface and a calcareous horizon within 90 cm of the mineral soil surface. 
 
Calcareous Vertic Melanic Soils - a calcareous horizon within 90 cm of the mineral soil 
surface. 
 
Rendzic Melanic Soils - are soils formed in, and where limestone, calcareous 
sedimentary rocks or associated rock debris (colluvium or alluvium) occur at shallow 
depths. 
 
Weathered Rendzic Melanic Soils - have a weathered-B horizon 10 cm or  more thick. 
 
Typic Rendzic Melanic Soils - have a distinct topsoil (A horizon) on calcareous bedrock 
(limestone, chalk, calcareous sandstone, marl) CR or R horizon. 
 
Orthic Melanic Soils - occur in soil materials containing calcium carbonate or have high 
calcium contents. 
 
Pallic Soil Order 
Concept - Pallic Soils are soils with moderate to high base status and low contents of 
secondary iron oxides. They have pale colours, high slaking potential and high density 
in subsurface horizons. Pallic soils have water deficits in summer, and water surpluses 
in winter or spring. 
 
Accessory properties: (a) Extractable iron and aluminium values are low or moderate 
with a significant proportion of secondary iron oxides occurring in redox segregations 
(mottles and concretions). P retention is less than 30% in topsoils and usually in 
subsoils. (b) Base saturation values in subsoils are high (more than 50%) except in 
perch-gleyed soils, where values may be lower in horizons overlying fragipans. (c) 
Parent materials are predominantly loess or sediments derived from quartzo-
feldspathic rocks (schist, greywacke, sandstones, siltstones and mudstones). (d) 
Micaceous clay minerals, that include micaceous, illitic and vermiculitic clays. (e) 
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Subsurface horizons have restricted permeability, particularly in soils with fragipans 
and argillic horizons or some combination of both. (f) Soils that are poorly to 
moderately well drained have water-tables perched on slowly permeable layers. (g) 
Potential rooting depth in most soils is limited by a subsurface horizon of high bulk 
density at shallow depth or by brittle silty cappings on stones. (h) Topsoils generally 
have a significant proportion of worm casts and a distinct worm mixed horizon occurs 
in the transition from the A to B horizons. (i) Soil material, particularly in sandy and 
silt loam textured B horizons is strongly dispersive and will readily slake. This does not 
occur in clay loam and clay textured B horizons. (j) Droughty summers and moist 
winters and precipitation ranges from about 500 to 1000 mm per year with a surplus 
in spring and an annual deficit of 90 to 200 mm. (k) A high proportion, of the inorganic 
phosphorus is non-occluded and of the total phosphorus is in an organic form. Levels 
of extractable sulphate are low. 
 
Fragic Pallic Soils - occur in soil materials that are predominantly silty. A fragipan that 
severely restricts the movement of water and penetration of roots is a defining subsoil 
feature. 
 
Argillic-mottled Fragic Pallic Soils - have an argillic or cutanic horizon overlying a 
fragipan and a mottled profile form. 
 
Argillic Fragic Pallic Soils - have an argillic horizon overlying a fragipan. 
 
Argillic Pallic Soils - have no fragipan but have a clay enriched argillic B horizon in which 
clay coatings (cutans) occur on polyhedral, but more commonly on blocky and 
prismatic ped surfaces, on gravel surfaces, or within tubular pores. 
 
Mottled Argillic Pallic Soils - have an argillic horizon and a mottled profile  form. 
 
Typic Argillic Pallic Soils - have an argillic horizon. 
 
Immature Pallic Soils - are insufficiently developed to have fragipans, or argillic 
horizons. They have one or more of the following; a brittle-B horizon, eluvial features, 
a cutanic horizon, or slightly firm or stronger polyhedral, blocky or prismatic peds. 
 
Calcareous Immature Pallic Soils - have a calcareous horizon with an upper surface 
within 90 cm of the mineral soil surface. 
 
Pedal Immature Pallic Soils - have moderately to strongly developed structure 
(pedality), with peds 100 mm or less in horizontal diameter, throughout a major part 
of the B horizon to 60 cm from the mineral soil surface, or to the base of the B horizon 
if shallower. 
 
Typic Immature Pallic Soils - have predominantly weakly to non-pedal massive or 
single grained subsoil horizons. 
 
  
201 
 
Recent Soil Order 
Concept - Recent soils show only incipient marks of soil-forming processes because of 
youthfulness, truncation of a preexisting soil or less commonly, because the soil 
material is resistant to alteration. Soil formation has been sufficient to develop, a 
distinct topsoil (A horizon) on the unaltered parent material (C horizon). A continuous 
cover of vascular plants is normally well established. The concept of the order relates 
to weak soil development rather than to the length of time of soil formation. 
 
Accessory properties: (a) Soil development is mostly confined to topsoils (A horizons), 
with B horizon colours and / or pedality (weakly expressed subsoil structure) in some 
soils. (b) Base saturations in the Topsoil and C horizons are usually high except in very 
humid areas. (c) The alteration status of rock fragments (gravel and stones) ranges 
from unweathered to moderately weathered. This is inherited from the weathering 
status of the source of the rock fragments. (d) The soil mineralogy reflects the 
mineralogy of the parent material. For those parent materials formed from sediments 
derived from quartzo-feldspathic rocks these are; quartz, feldspar and micaceous 
minerals such as illitic and vermiculitic clays. (e) Although textures vary, potential 
rooting depths are relatively deep and only limited by the lack of, or excess of soil 
water. (f) Good drainage, poorly drained soil soils are not included. (g) P retentions 
are low or very low. (h) Natural fertility is generally high. (i) Recent soils may be in sites 
subject to erosion and / or sedimentation. (j) Recent soils commonly have aggrading 
over thickened A horizons or have buried A horizons interbedded with parent material 
(C horizons). 
 
Fluvial Recent Soils - occur in sediments deposited by flowing water. Many occur on 
land surfaces that are susceptible to flooding. 
 
Weathered Fluvial Recent Soils - have a weathered-B horizon with its lower boundary 
at 30 cm or more from the mineral soil surface.  
 
Typic Fluvial Recent Soils - lack a weathered-B horizon with a lower boundary more 
than 30 cm below the soil surface. 
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14. Interpretation of soils’ data 
Much is written in the popular literature about the importance of soils (and underlying 
geology) in influencing the taste of wine. Whilst the notion of soils affecting wine 
composition is a powerful aid in marketing, its scientific basis is much less certain 
(Maltman 2008). Practical studies of this topic are difficult to undertake and 
consequently there is a paucity of data on which to base clear conclusions. 
 
The role of soils in modifying wine characteristics is usually mentioned in terms of 
effects on quality, although this concept is exceedingly difficult to fully define. 
Ribéreau-Gayon and Peynaud (1960, cited by van Leewen and Seguin 2006) 
considered that the best wines are produced when the precocity of the grapevine in 
the local environment is such that berries reach full ripeness at the end of the growing 
season. Characterising and delineating ideal climate/cultivar/soil combinations has 
been the object of much research. Leaving the detail to one side for the moment, van 
Leewan and Seguin (2006) concluded that local conditions should moderate vine 
vigour, for example through limitations to soil moisture (such as on shallow or stony 
soils in a moderately dry climate) or low nitrogen supply, although they noted 
differences in requirements for red versus white grape varieties. Similarly, Wheeler 
and Pickering (2003) concluded that two soil properties, nitrogen and water 
availability, played a major role in determining fruit quality.  
 
Irrespective of any specific interactions of soil characteristics with other factors (such 
as cultivar, climate, topography) to produce local conditions conducive to grapes of 
high quality, it is also true that soils affect vine growth, and sustain vital functions such 
as physical support, aeration, water uptake and nutrition. Many (probably most) soil 
types can successfully maintain grapevines with proper management and adequate 
water. 
 
Grapevine requirements and soil characteristics 
The interpretation of soil characteristics in terms of grapevine requirements is not 
necessarily a straightforward exercise. Provided plants can be established, the soil 
mediates the supply of water, oxygen and nutrients. Physical, chemical and 
microbiological aspects are all important. Plants roots occupy spaces (pores) between 
components (mineral and organic) which comprise the soil matrix. The pores 
constitute the storage space for water and gases (including oxygen) and are also the 
conduits for the movement of nutrients (and toxic substances). Nutrients, in ionic 
forms are associated with exchange sites on the surfaces of both mineral and organic 
components, and/or may be mineralised from or immobilised to organic matter as a 
consequence of microbial activity.  
 
The supply of water from the soil depends on the amount and pattern of rainfall and 
irrigation, the capacity of the soil to store water at high enough suction to resist 
drainage but low enough to be available to the plant, and the volume of soil accessible 
to plant roots. Thus, soils act as a reservoir for water. Soil characteristics, primarily soil 
texture and sometimes the presence of structural features such as pans which limit 
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root exploration, determine the storage capacity. Climate (or weather in a particular 
vintage) and irrigation scheduling determine the amount of water available at any 
particular time. The critical role of soil is to modulate water inputs (rainfall and 
irrigation) to maintain an appropriate level of stress throughout the growing season. 
 
The proportion of the soil matrix consisting of pores depends mainly on the size 
distribution of the mineral particles. These are conventionally divided into gravel (> 2 
mm diameter), sand (2 mm - 0.02 mm = 20 m), silt (20 - 2 m) and clay (< 2 m). 
Sand, silt and clay proportions (i.e. the < 2 mm fraction) are converted into soil texture 
classes. Both organic matter content and the details of how the soil particles are 
arranged (the soil structure) influence the number and size distribution of pores, but 
in general plant-available water holding capacity declines in the order: silty clay loam, 
silt loam and silt (c.  21-23 mm/10 cm soil depth), clay loam and sandy clay loam (c. 
18-19 mm), sandy clay and fine sandy loam (c. 13-17 mm), and sand (c. 5-8 mm). These 
values apply to the < 2 mm portion of the soil which may only comprise a small 
proportion of the total soil volume where the gravel (> 2mm) content is high. 
However, where layers of differing textures occur, water holding is increased. This is 
because water percolating through a soil will accumulate at the boundary, irrespective 
of whether the lower layer is finer (e.g. more clayey) or coarser (e.g. more sandy or 
gravelly) than the layer above. 
 
For optimum growth, the soil must also be able to supply oxygen at a rate fast enough 
to meet the combined demand of plant roots (for growth and respiration) and soil 
micro-organisms. Poor aeration can also result in reduced nutrient uptake by roots 
because respiration, and hence the energy required to transport nutrients from the 
soil solution to the root is also reduced. Thus, soil drainage is important. Poor drainage 
characteristics are often evidenced by grey (with or without reddish brown 
concentrations of iron oxides as mottles or along pores) as opposed to brown colours 
in the soil profile (the reduced form of iron (ferrous, Fe2+) in solution has a pale grey 
to pale greenish grey colour, whereas the oxidised form (ferric, Fe3+) has a greyish 
brown to yellowish brown colour). 
 
Requirements of grapevines for water and oxygen depend on many factors including 
climate, cultivar and management. Typically, grapevines require 600-900 mm water 
(rainfall plus irrigation) annually, and are considered to be relatively sensitive to poor 
aeration. 
 
A number of factors affect the supply of nutrients from the soil. Nutrients in the soil 
solution comprise only a very small proportion of the total nutrient pool. The major 
proportion of nutrients exist either as ions associated with mineral and organic 
material (termed exchangeable ions) or in mineralisable organic forms. The majority 
of nitrogen, phosphorus and sulphur is held in organic forms, whereas generally other 
nutrients are held as exchangeable ions. Many nutrient ions are cations (NH4+, K+, Ca2+, 
Mg+, Na+, Fe2+, Mn2+, Cu2+, Zn2+ and Co2+) and others are anions (NO3-, H2PO4-, HPO42-, 
MoO42- and Cl-); sulphur can also be taken up as neutral SO2, and boron and silicon are 
taken up only as neutral H3BO3 and H4SiO4, respectively. Thus, important soil 
204 
 
parameters include the amount of organic matter and its composition in relation to 
nitrogen, phosphorus and sulphur, and the amounts of exchangeable ions. 
 
In most soils, organic matter is localised at the surface although the depth of this layer 
may vary. The nutrient content is normally expressed as a ratio relative to the carbon 
content. The C:N:S:P ratio of soil organic matter varies but the order of magnitude 
between elements is usually similar (approximately 100:10:1.5:1.5). However, it 
should be noted that organic compounds containing nitrogen, sulphur and 
phosphorus, and the mechanisms stabilising them are not necessarily common. These 
nutrients may be mineralised at different rates and their supply to plant roots may not 
be in proportion to their abundance. Nevertheless, the C:N ratio together with soil 
organic matter content are routine measures of soil fertility. A high C:N ratio (> 25) 
indicates that soil N might be immobilised in the short term, but can also arise if the 
organic matter contains a significant proportion of material which is very resistant to 
decomposition. In contrast, C:N ratios less than 25 indicate net mineralisation of 
nitrogen but with decreasing activity as the ratio narrows. Typical values for active, 
slow and passive fractions are 15-30, 10-25 and 7-10. The difficulties in interpretation 
of C:N ratios has resulted in attempts at more direct measurement of mineralisation 
using soil incubation under standard conditions.  
 
Nitrogen availability is also influenced by soil pH. Nitrification (the conversion of 
ammonium to nitrate) is partly inhibited at low pH which has the effect of reducing 
nitrogen availability. However, Seguin (1986) noted that so-called ‘active’ calcium 
carbonate reduces the rate of nitrogen mineralisation, the mechanism suggested 
being re-precipitation of calcium carbonate to form a skin around fresh or slightly 
altered organic matter (Wilson, 1998). 
 
Although both phosphorus and sulphur may be mineralised from organic matter, 
assessment of the availability of these nutrients is usually determined by extraction of 
the relevant inorganic species. In New Zealand (and many other countries), the so-
called Olsen-P test has been shown to be very useful in predicting responses (or 
otherwise) to phosphorus fertilisers. This approach has proved not to be quite so 
useful in the case of sulphur, however, because residual sulphur from previous 
application of elemental S and other inputs (including atmospheric) are not measured, 
and losses by leaching are not accounted for. 
 
Most of the nutrients not predominantly supplied by mineralisation of organic matter 
exist as cations. As a consequence, soil cation exchange capacity is a measure of the 
potential size of this pool. Cation exchange sites are associated with both organic 
matter and mineral materials (overwhelmingly clay-sized). Thus, cation exchange 
sites, and hence associated nutrient cations, tend to be localised at the surface. The 
relative concentrations of individual cations depend on amounts released by 
weathering of soil minerals and any past additions, but also the soil pH. At low pH 
values, the concentration of H+ ions is high and together with solubilised Al3+ displaces 
other exchangeable cations, predominantly Ca2+, Mg2+, K+ and Na+. Thus, plant-
available amounts of these nutrients tend to be less in acid soils; the ratio of the sum 
of these cations to the total cation exchange capacity is often expressed as a 
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percentage. This parameter is termed base saturation. (The reason for this term is that 
these elements belong to the alkaline and alkaline earth metal groups). However, also 
at low pH, other essential nutrients required by plants at much lower concentrations 
(Fe2+, Mn2+, Cu2+, Zn2+ and Co2+) are also solubilised and may be present at toxic levels. 
Optimum concentrations of these cations are normally present in slightly acidic to 
neutral soils, but those with high pH values may be deficient. Note that the uptake of 
molybdenum occurs as an anion and that its availability increases with pH.  
 
Table 51. Suggested normal ranges for various soil fertility parameters for grapevines 
(from Hill Laboratories Crop Guide). 
 
Parameter Unit Range 
pH  5.8 - 6.8 
Olsen-P mg/L 15 - 40 
Potassium (K+) me/100g 0.40 - 0.80 
Calcium (Ca2+) me/100g 6.0 - 12 
Magnesium (Mg2+) me/100g 1.0 - 3.0 
Sodium (Na+) me/100g 0.00 - 0.40 
Cation exchange capacity (CEC) me/100g 12 - 25 
  
Grapevines are grown successfully in a wide range of soils. Nutritional problems are 
most likely to occur in soils with high gravel and sand content, where deficiencies of 
potassium, magnesium and boron are possible. Aluminium and manganese toxicities 
may also occur on very acid soils (pH < 5), whereas micronutrient deficiencies may 
occur on alkaline soils (pH > 7). Nitrogen applications should be made with caution 
because excess promotes vigorous vegetative growth, possibly to the detriment of 
fruit quality. Because grapevines have lower nutritional requirements than most other 
horticultural crops, plant analyses is the recommended approach to assessing 
nutritional requirements. The information shown in Table 51 is taken from Hill 
Laboratories Crop Guide for Grapes and shows the most up to date values of normal 
levels for a number of soil fertility parameters. 
 
Plant growth can also be affected by high salt concentrations in the soil solution 
(indicated by an electrical conductivity of a saturated soil solution of > 4 mS/cm). This 
is rarely a problem in New Zealand but is more likely in arid and semiarid regions (such 
as Central Otago) or where irrigation water has a high salt content. High salt 
concentrations increases the suction at which water is held and can lower the amount 
of water available to plants. However, grapevines are moderately tolerant (4-6 
mS/cm) to saline conditions. 
 
Soil and its contribution to wine attributes 
Soils and landscape 
As indicated earlier, because soils are thought to be an important determinant of wine 
quality, the nature of soils and their geographical distribution is of considerable 
interest to wine-makers. In ecological terms, soils are considered to result from the 
action of five so-called state factors, namely: parent material, climate, organisms (this 
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includes animals, plants and micro-organisms), topography and time (Jenny, 1961). 
Thus, the pattern of soils at a local level is determined largely by the nature of the 
landscape and the distribution of parent materials within it. However, landscapes are 
dynamic and the surfaces on which, and the materials in which, soils develop also 
change with time. Thus, soils may be formed directly in materials derived from the 
underlying geology or, in part or in total, from remotely-derived materials which have 
been transported and deposited locally. 
 
Despite the potentially tenuous relationship between soil and bedrock geology, 
Maltman (2008) noted that physical setting of a vineyard might be attributed to in 
some way to the latter, and thus influences important parameters that affect vine 
growth and berry ripening, such as airflow patterns, slope character, thermal 
properties and water availability. Another approach has been to consider the physical 
setting of a vineyard in terms of a set of small natural environments, each defined by 
three components: geology, pedology and landscape (Morlat 1989). Using this 
approach, Bodin and Morlat (2006) characterised the pedological component of the 
Anjou Appellation Contrôlée vineyard by soil depth and average clay content which, 
in this setting, essentially corresponded to the degree of weathering of the underlying 
rock. They demonstrated significant differences in vine water supply, date of bud burst 
and date of veraison between soils for two cultivars (Vitis vinifera L. cv. Cabernet Franc 
and Chenin Blanc) over three seasons. 
 
Seguin (1986) suggested that the best wines from certain cultivars are produced when 
grown on certain parent materials, quoting Chardonnay and Nebbiolo on marl (a 
calcium carbonate or lime-rich mud or mudstone containing variable amounts of clay 
and silt) and Gamay on schist, granite and porphyry (an igneous rock consisting of 
large-grained crystals dispersed in a fine-grained feldspathic matrix). Similarly, 
Champagnol (1984) noted that red wines have a bigger structure when produced from 
clayey soils, but that the relationship with quality depended on cultivar and wine style. 
 
Physical attributes of soils 
Gladstones (2011) considered there to be strong evidence that soil physical 
conditions, i.e. those related to heat, water storage and drainage, influence wine 
qualities. There are, however, important interactions between heat, water and soil 
texture which are often overlooked. Well-drained soils tend to be lighter in texture 
(sandy or gravelly) and have lower water-holding capacity. These soils contain less 
water and so they are quicker to warm up (and cool down) because the amount of 
heat required to change the temperature by 1°C (the heat capacity) is less for the air 
in the soil pores than for water. However, the soil mineral matter itself can also act as 
a heat store and soils with a high proportion of gravel will have more mineral material 
and less air (or water) space per volume of soil than equivalent sandy soils. Thus, the 
effect of gravel will depend on water content. When soils are filled with water, heavy 
(silt and clay) and gravelly soils will both have high heat capacities compared to light 
soils. When soils are dry, gravelly soils will have greater heat capacity and hold less 
water than sandy soils, whereas heavy soils will hold most water and have 
intermediate heat capacities. Seguin (1986) noted that soil structure was more 
influential than soil texture, with a high degree of macroporosity allowing rapid water 
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percolation, easy penetration by vine roots and good aeration. In addition, the depth 
and mode of colonisation of the soil by roots influence quantities of available water 
and nutrient. 
 
Given the considerable interactions between the various soil attributes on soil 
properties, Seguin (1986) suggested that the concept ‘vine water supply’ usefully 
integrated some important factors, including: climate, soil, vine cultivar and rootstock, 
and management. Van Leeuwen et al. (2004) concluded that vintage (i.e. weather) 
and soil had the greatest effect on vine development and berry composition, in large 
part through their influence on vine water status. A strong relationship was found 
between improved grape quality and water deficit before veraison, which 
corresponded with lower amounts of summer rainfall in soils with less available soil 
water. 
 
Soil chemistry and fertility 
The effect of nutrient supply from soils on wine qualities is even less well understood. 
In general terms, a continuous supply of nutrients that matches plant requirements is 
important. The requirements for vines are not large in comparison to other cultivated 
plants. Among macronutrients, adequate but not excessive nitrogen is critical in 
maintaining an appropriate level of vigour. Seguin (1986) suggested that so-called 
‘active’ calcium carbonate reduces the rate of nitrogen mineralisation and may 
therefore have a role, although not an indispensable one, on wine quality. 
 
Although investigations have been undertaken to determine the effects of the 
chemical composition of soil parent materials on wine, Maltman (2008) considered 
that statements ascribing a direct connection beween vineyard geochemistry and 
wine flavour were particularly difficult to justify. Van Leeuwen et al. (2004), in a five-
year study with three red cultivars of Vitis vinifera L. (cv. Merlot, Cabernet Franc and 
Cabernet Sauvignon) at three sites, concluded that uptake by vines of nitrogen, 
phosphorus, potassium and magnesium or the ability of the soil to provide these 
nutrients did not have a significant impact on fruit quality, although they found 
significant correlations between petiole potassium and juice potassium 
concentrations, and between petiole magnesium content and juice soluble solids. 
Excessive uptake of potassium can have a negative impact on must composition and 
ultimately wine acidity, with consequential effects on fermentation biochemistry and 
wine aging. Research indicates that conditions early in berry development influence 
potassium uptake (Downton, 1977; Coombe and Iland, 1987 [quoted by Iland et al, 
2011]). High potassium concentrations in harvested fruit seemingly is associated with 
its accumulation in shaded leaves of overly vigorous grapevines. 
 
Nevertheless, soil pH may be important because of its role in determining the 
availability of micronutrients, although the suggestion that low concentrations of 
inorganic ions influence key biochemical pathways during vine growth or vinification 
remains speculative (Maltman 2008).  
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Soils, grape composition and sensory attributes of wine 
There have been few studies which have directly investigated the influence of soil on 
wine sensory attributes. In an early study involving various irrigation treatments with 
Vitis vinifera L. cv. Cabernet Franc, Matthews et al. (1990) found differences in 
appearance, flavour, taste and aroma between the resulting wines; visual differences 
were easiest to determine. Reynard et al. (2011) found effects on vine water status 
with the red cultivar Vitis vinifera L. cv. Gamaret as a result of differences in soil water-
holding capacity in a dry vintage. Berry weight was negatively correlated with water 
stress with reductions up to 30%, but no significant correlations were found for other 
fruit parameters (including pH, titratable acidity, tartaric acid and malic acid). In 
similar vein, van Leeuwen et al. (2004) found that early water deficit elicited early 
cessation of shoot growth and reduced berry size, but also increased berry 
anthocyanin concentration, increased soluble solids, and reduced titratable acidity. In 
the former study (Reynard et al. 2011), wine colour density was negatively correlated 
with vine water stress, but no differences were found for wine sensory attributes by 
descriptive analysis (although it was suggested that vine water stress was associated 
with spicy and fruity aroma descriptors). It should be noted, however, that some 
ferments were chaptalized to ensure all wines had a similar alcohol content. 
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15. Vineyards in North Canterbury 
Grouped into lists based on the dominant soil within the vineyards. 
 
Keys to the dominant soil families 
 G  Glasnevin 
 Gw Glasnevin (Weka fan) 
 O Omihi 
 AO Awapuni + Omihi 
 A Awapuni 
 Wk Waikari 
 Tp Timpendean 
 Wp Waipara  
 Gl Glenmark 
 P Pahau 
 S Salix 
 E Eyre 
 T Templeton 
 R Rangitata 
 Se Selwyn 
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Number Code Vineyard location 
G1-R1 Waipara West, Ram Paddock Rd 
G2-R2 Accolade Ltd, Glasnevin Rd 
G3 Tussock Terrace, Georges Rd 
G4 Georges Road Vineyards, Georges Rd 
G5 ANG Estate, Mt Brown Rd 
G6 Pegasus Bay, Georges Rd 
G7 Concorde Vineyard, Georges Rd 
G8 Dickson Vineyard, Georges Rd 
G9-R4 Terrace Edge, Georges Rd 
G10 Bellbird Spring, Georges Rd 
G11 Bellbird Spring, Georges Rd 
G12 Sherwood Estate, Georges Rd 
G13 Longsmith Vineyard, Georges Rd 
G14 Unnamed Vineyard, Georges Rd 
G15 Fiddlers Green, Georges Rd 
G16 Walker Vineyard, Georges Rd 
G17 New Zealand Vineyard Estates, Georges Rd 
G18 Blue Gum Corner. Georges and Darnley Rd 
G19 New Zealand Vineyard Estates, Glasnevin Rd 
G20 Pegasus Bay, Stockgrove Rd 
G21 Mt Brown, Purchas Rd 
G22 Stephenson Estate, off Georges Rd 
G23 Tiki Wines Ltd, SH 1 
G24 Mt Brown, Mt Brown Rd 
G25-P4-S1 Brancott Estate (Camshorn), Glasnevin Rd 
G? Pirie Vineyard, Mt Brown Rd 
Gw1 Anthills, Waipara Flat Rd 
Gw2 Clos St William Wines, Bains Rd 
Gw3 Bascand Estate, Bains Rd 
Gw5 Lovers Rest, Mackenzies Rd 
Gw6 River View, McKenzie Rd 
Gw7 Knight Vineyard, MacKenzie Rd 
Gw8 Waipara River Estate, MacKenzie Rd 
Gw9 McKenzie Vineyard, McKenzie Rd 
Gw10-R7 Southern Boundary Wines, Mackenzies Rd 
Gw11-R6 Cabal Properties, McKenzies Rd 
Gw12 Weka River Wines, Mackenzies Rd 
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Number Code Vineyard location 
Gw13 Sherwood Estate, Mackenzies Rd 
Gw14 Bishops Head Wines Ltd, Mackenzies Rd 
Gw15 Ataahua Vineyard, Church Rd 
O1 Dionysus Estate, SH1 
O2 Crater Rim, Omihi Rd 
O3 Crater Rim, Omihi Rd 
O4 Triscinas Vineyard, Omihi Rd 
O5 Torlesse Wines, Omihi Rd 
O6 Coaster’s Vineyard, Omihi Rd 
O7 Rayner Vineyard, Omihi Rd 
O8 Allen Vineyard, Omihi Rd 
O9 Lough Vineyard, Omihi Rd 
O10 Sherwood Estate, Church Rd 
O11 Southern Boundary Wines, Church Rd 
O12 Dunnolly Vineyard, Church Rd 
O13 Dallington Downs, Church Rd 
O14 The Old Glenmark Vicarage Wines, Church Rd 
O15 Waipara Springs, Omihi Rd 
O16 Dancing Water, Omihi Rd 
O17 Brancott Estate (Omihi Vineyard), Kings Rd 
O? Crater Rim, Omihi Rd 
? Kitauchi Vineyard, Omihi Rd 
AO1 Greystone Wines Ltd, Omihi Rd 
AO1-Wk Greystone Wines Ltd, Omihi Rd 
AO2 Pilgrim Vineyard Ltd, Omihi Rd 
AO3 Mountford Vineyard, Omihi Rd 
AO4 Alan McCorkindale, Blacks Ave / SH 1 
AO5 Waipara Fields, Blacks Ave 
AO6 Cabal Properties, Blacks Ave 
AO7 Williams Hill Vineyard, Blacks Ave 
AO8 Black Estate (Home Vineyard) 
A-Wk Fancrest Estate, Omihi Rd 
Wk-A Black Estate (Spye Vineyard), Omihi Rd 
Wp Black Estate (Spye Vineyard), Omihi Rd 
Wp? Black Estate (Netherwood Farm), Omihi Rd 
Gl Southern Boundary Wines, Bains Rd 
P1 House of Ball, Mackenzies Rd 
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Number Code Vineyard location 
P2 Sherwood Estate, Mackenzies Rd 
P3 Bellbird Spring, Mackenzies Rd 
E1 Cass View, Mt Cass Rd 
T1 McGuckin Vineyard, Glenmark Drive 
T2 Frog Rock, Kings Rd 
R3 Bishops Head Wines Ltd, Georges Rd 
R5 Mt Brown, Mackenzies Rd 
R8 Three Sisters Vineyard, McKenzies Rd 
Se Earl Vineyard, Ram Paddock Road 
Waikari Vineyards (not shown on maps below) 
 Arden Vineyard, Scargill Valley 
 Bell Hill Vineyard Ltd, Waikari 
 Pyramid Valley Vineyards, Pyramid Valley 
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Figure 79. Vineyards in the Omihi Valley.  
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Figure 80. Vineyards north of the Waipara River and southern Omihi Valley.  
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Figure 81. Vineyards south of the Waipara River.  
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